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A  calorimeter  has  been  developed  under  this  study  to  help  meet  the 
needs  of  accurate  performance  monitoring  of  electrically  or  mechanically 
actuated  flame  and  yes  producing  devices,  such  as  squib-type  Initiators. 

A  ten  cubic  centimeter  "closed  bomb"  (closed  volume)  calorimeter  was 
designed  to  provide  a  standard  pressure  trace  and  to  measure  a  nominal  50 
calorie  output,  using  the  basic  components  of  a  Parr  Model  1411  calorlmet 
Two  prototype  bombs  were  fabricated,  pressure  tested  to  2600  psl,  an 
extensively  evaluated.  The  system  water  equivalent  was  measured  as  284 
ca1/C°.  Monitoring  of  temperatures  to  +  0.001  C*  was  found  to  be  feaslbl 
Measurements  of  50  calories  to  an  accuracy  of  ±  1  calorie  are  easily  ob¬ 
tainable.  Greater  accuracy  Is  possible  with  appropriate  attention  to 
details  of  technique.  A  cyclylng  time  (or  time  ot  complete  the  test  of 
one  Initiator)  or  one  hour  was  deemed  feasible. 

Calibration  was  accomplished  using  electrical  heating  of  a  resistor 
In  the  bomb  by  capacitor  discharge  and  by  constant  current.  Problems 
associated  with  measuring  small  quantities  of  heat  are  discussed  Includln 
the  effects  of  room  temperature,  stirring,  bearing  friction,  stirrer  belt 
tension,  initial  stabilization  period  and  others.  Actual  Initiators  were 
not  tested. 

Calibration  data  subsequently  obtained  by  the  Marry  Diamond 
Laboratories  using  this  apparatus  Is  included  In  an  appendix. 
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SUMMARY 


A  calorimeter*  has  been  developed  under  this  study  to  help  meet 
the  needs  of  accurate  performance  monitoring  of  electrically  or 
mechanically  actuated  flame  and  gas  producing  devices,  such  as 
squib-type  Initiators.  A  ten  cubic  centimeter  "closed  bomb" 

(closed  volume)  calorimeter  was  designed  to  provide  a  standard 
pressure  trace  and  to  measure  a  nominal  50  calorie  output,  using 
the  basic  components  of  a  Parr  Model  1411  calorimeter. 

Two  prototype  bombs  were  fabricated,  pressure  tested  to  2600 
psl,  and  extensively  evaluated.  Tne  system  water  equivalent  was 
measured  as  284  cal/C°.  Monitoring  of  temperatures  to  +  0.001  C° 
was  found  to  be  feasible.  Measurements  of  50  calories  to  an 
accuracy  of  +  1  calorie  are  easily  obtainable.  Greater  accuracy 
is  possiole  with  appropriate  attention  to  details  of  technique. 

A  cycling  time  (or  time  to  complete  the  test  of  one  Initiator)  of 
one  hour  was  deemed  feasible. 

Calibration  wfcs  accomplished  using  electrical  heating  of  a 
resistor  In  the  bomb  by  capacitor  discharge  and  by  constant 
current.  Problems  associated  with  measuring  small  quantities  of 
heat  are  discussed  Including  the  effects  of  room  temperature, 
stirring,  bearing  friction,  stirrer  belt  tension,  Initial  stabili¬ 
zation  period  and  others.  Actual  Initiators  were  not  tested. 

Calibration  data  subsequently  obtained  by  the  Harry  Diamond 
Laboratories  using  this  apparatus  Is  Included  In  an  appendix. 
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1.  INTRODUCTION 

The  need  often  arises  for  accurate  measurements  of  the  output 
performance  of  a  variety  of  electrically  or  mechanically  actuated 
flame  and  gas-producl ng  devices,  such  as  squib-type  initiators. 
Examples  of  these  needs  are  quality  control  during  manufacture,  lot 
acceptance  testing,  determining  the  effects  of  environments,  and 
obtaining  design  information  for  use  of  the  device  in  subsequent 
systems.  The  most  commonly  used  performance  monitoring  standard 
relies  solely  on  measuring  the  pressure  produced  in  a  ten  cubic 
centimeter  "closed  bomb"  (closed  volume).1  Some  separate  attempts 
have  been  made  to  measure  the  caloric  output  of  these  flame  and  gas- 
producing  devices,  but  since  their  output  is  often  in  the  order  of 
50  calories,  accuracy  has  been  lacking  with  existing  apparatus. 

The  purpose  of  this  study  was  to  develop  a  ten  cubic  centimeter 
closed  bomb  calorimeter,  providing  a  precise  heat  energy  measurement, 
as  well  as  the  standard  pressure  trace. 

1 . 1  The  Scope  of  Work  (Quoted  in  part  from  the  contract  document.) 

Make  a  theoretical  analysis  of  the  feasibility  of  using  a 
modified  No.  1411  heat  powder  calorimeter  with  the  specifications 
outlined  below  for  measuring  the  heat  output  of  Apollo  standard 
initiators.  If  the  analysis  shows  that  the  No.  1411  calorimeter 
is  not  suitable,  consider  using  a  copper-block  type  calorimeter. 

After  the  theoretical  analysis  is  complete,  design  and  build 
a  calorimeter  with  the  following  specifications  to  measure  the 
heat  output  of  standard  Apollo  initiators: 

(1)  Precision  within  +5  cal  with  a  50  cal.  input. 

(2)  Withstand  peak  pressure  of  650  psi  generated 
as  an  impulse  in  about  1  ms  or  less  (subse¬ 
quently  raised  to  3000  psi  static  pressure  by 
HDL ) . 


Bement,  Laurence  J.:  "Monitoring  of  Expl osi ve/Pyrotechnl c  Performance" 
Presented  at  the  Seventh  Symposium  of  Explosives  and  Pyrotechnics 
(Philadelphia,  Penn.)  September  8-9,  1972. 


(3)  Internal  volume  of  calorimeter  must  be  10  cc 
and  shape  must  duplicate  Initiator  tester 
now  used  by  NASA. 

(4)  Calorimeter  must  contain  one  and  preferably 
two  pressure  transducers  with  output  cables. 

(Transducers  will  be  furnished  by  NASA  and 
no  pressure  measurements  will  be  made  by 
contractor) . 

(5)  Calorimeter  must  be  reusable  for  at  least 
1000  tests. 

(6)  Recycle  time  must  be  less  than  1  hour. 

Calibrate  calorimeter  using  a  known  electrical  input  and  deter- 
mine  precision  calculated  for  95%  of  all  values  at  a  90%  confidence 
level.  Summarize  details  of  analyses,  design,  calibration,  and 
evaluation  of  the  calorimeter  in  a  summary  report. 

1 . 2  Background  Work 

Bomb  calorimetry  is  a  well  known  field  having  techniques 
standardized  over  the  years.  Such  techniques  have  been  utilized  to 
measure  the  heat  output  or  heat  powders  by  the  Harry  Diamond  Labora- 
tories  (HDL).  Customarily  several  hundred  to  several  thousand 
calories  are  generated  so  that  calorimeters  having  water  equivalents 
of  several  hundred  cal/C°  will  experience  temperature  rises  of  about 
a  degree  or  more.  Mercury  in  glass  thermometers  provide  a  tempera¬ 
ture  measurement  accuracy  of  about  +  0.01°C. 

A  frequently  used  calorimeter  for  heat  powder  measurements  is 

3 

the  Parr  Model  1411  ,  which  was  suggested  by  HDL  for  this  investi¬ 
gation.  This  apparatus  was  loaned  to  VMIRL  for  these  studies.  A 
bomb  was  designed  to  comply  with  the  requirements  of  the  Scope  of 
Work,  and  also  to  be  compatible  with  the  vacuum  flask  which  is  a 
standard  component  of  the  Model  1411. 


2Comyn,  Raymond  H.;  and  Marcus,  Ira  T.:  Summary  of  Heat  Powder 
Calorimetry.  Diamond  Ordnance  Fuze  Laboratories  TR-862,  August 
1960. 

^Parr  Instrument  Co.,  211  Fifty-Third  St.,  Moline,  Illinois  61265 


The  chief  problem  was  the  measurement  technique  for  oetectlrg 
a  temperature  rise  with  &r,  accuracy  of  a  few  thousandths  of  a 
degree.  This  was  necessitated  by  the  requirement  to  measure  50 
calorics  using  a  metal  bomb  hiving  a  mass  of  several  hundred  grams 
(In  order  to  meet  the  volume  and  pretiure  requl rements )  plus 
several  hundred  grams  of  water  necessary  to  co.'er  the  bomb,  stirrer 
and  temperature  detector. 

Several  problems  were  assoc''  *  vitn  the  design  of  the  bomb 
to  meet  the  small  volume  requ1reet*r  at  ?  test  (*re?:sure  of  3000 
psl  and  to  malntalr  a  partUulsv  K.r  of  »J*j*  /  ressure  port  for 

the  transducer. 
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2.  FEASIBILITY  ANALYSIS 

The  use  of  well  designed,  "off  the  shelf"  components  already 
tested  In  various  uses  Is  an  obvious  advantage.  To  assess  the 
feasibility  of  using  a  Parr  Model  1411  Calorimeter,  a  theoretical 
analysis  was  performed  on  the  quantities  of  heat  absorbed  by  each 
of  the  components  to  see  If  the  required  precision  of  measurement 
was  possible. 

Although  this  model  Is  designed  to  be  used  with  450  gm  of 
water,  It  was  found  possible  to  use  250  gm  and  still  cover  the 
proposed  bomb  for  the  Initiator. 

A  summary  of  representatl ve  values  will  give  the  reader  a 
better  understanding  of  the  precision  of  measurement  needed. 

Assume : 

1.  200  gm  of  stainless  steel  bomb  of  specific 
heat  0.1  cal /gm  C° . 

2.  250  gm  of  water  to  cover  the  bomb  with 
adequate  depth  for  stirring. 

3.  54  calories  generated  by  the  initiator. 

Find:  The  temperature  rise  which  results. 

Solution:  Q  =  C(mc)b0(nb  +  (mc'water3  AT 

54  =  [(200  x  0.1  )  +  ( 2 b 0  x  1)]  AT 


54 

10  +  250 


0.20  C° 


Precision  Required:  For  the  +  10$  precision  called 
for  in  the"  Scope  of  Work  the  value  of  AT  must 
be  0.2  C1"  +  10%  or  better.  This  is  0.20  +  .02  C°. 


While  the  above  precision  is  within  the  limits  of  a  mercury  In 
glass  thermometer,  It  is  clearly  not  as  satisfactory  as  could  be 
desired.  The  quartz  crystal  thermometer  (such  as  the  Hewlett 
Packard  Model  2801  A)  has  an  absolute  accuracy  of  +  0.0C2  °C  when 
properly  calibrated  and  corrected.  For  differential  measurement*, 
particularly  where  the  differential  is  small,  its  accuracy  In 
measuring  AT  is  better,  certainly  +  0.001  C°.  For  a  AT  of  0.20  C° 
this  is  a  precision  of  1  In  200  or  1/2%. 


Precision  of  Ot her  Components 

The  mess  of  water  used  can  cortalnly  be  measured  by  en 
analytical  balance  to  less  than  1  gm  In  250  yielding  a  precision 
of  less  than  1/2*  In  fact  a  volumetric  pipette  could  suffice 
for  this  purpose.  The  precision  of  the  water  equivalent  remains 
be  determined.  However,  repeated  calibration  run,  should  give 
it*  Ju«  to  a  few  percent  or  less. 

On"*,  basis  of  the  above  considerations ,  the  Parr  Model  1411 

was  deemed  V-  -'iate  for  the  project  and  a  specific  bomb  design  was 

begun  to  fit  the  ’cuum  flask  which  was  a  component  jf  this  model 

% 

of  calorimeter.  The-  ..-ror  analysis  In  Appendix  A  gives  specific 
sample  values  taken  fro..-  ctual  data  and  provides  a  more  exact 
evaluation  of  the  precision.*  each  part  of  the  measurement. 


3.  SO*l  DESIGN 


fhe  following  criteria  wort  considered  In  the  design: 

1.  An  Internal  volume  of  10.0  ♦  0 . S  cc 
Including  transducer  port. 

2.  Withstand  3000  psl  to  account  for  any 
unanticipated  transient  pressure*. 

3.  Ease  of  interchange  between  Initiators 
and  calibration  devices  with  s  minimum 
change  of  mass  which  would  affect  the 
water  equivalent. 

4.  Ease  of  cleaning  after  each  test. 

5.  Minimization  of  the  water  equivalent  by 
minimizing  the  total  mass  and  the  height 
which  must  oe  covered  by  water. 

6.  Minimization  «f  wall  thickness  to  reduce 
thermal  gradients. 

7.  Adequate  space  beside  and/or  above  tne 
bomb  for  hange*',  stirrer,  temperature 
detector(t)  and  electrics!  leads  fo^  tha 
pressure  transducer  and  for  firing  tie 
Initiator,  or  calibration. 

6.  Compatibility  with  the  vacuum  flask  of  the 
Parr  Model  1411  Calorimeter. 


Fig.  1  Is  a  photograph  of  the  bomb  parts.  An  assembly  drawing 
and  detail  drawings  of  each  part  are  shown  In  Appendix  B.  Two 
prototypes  were  fabricated  from  those  drawings  and  wore  designated 
Model  1  and  Model  2,  with  components  stamped  with  a  "l*  or  "2"  to 
facilitate  Identification.  Masses  in  grams  are  as  follows  (nomen¬ 
clature  Is  that  found  on  the  detail  drawing): 


8o*fe  Parts 
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Cup  w/Pressure  Fitting  and 
Teflon  Tap« 

Nut 

Cap  w/Tefloe  Gasket 

Mug  w/Cal 1 bratlcn  Keslstor, 
Connector,  and  0-ftlng 

Complete  Assembly  Total 

Transducer  w/copp#r  and  brass 
weshnrs 

initiator  aftar  firing  (av.;  of  4) 


Modal  1 
108  0387  gms 

80.3210 

24.6847 

.jhim. 

188.2172 


*9<?£L1 
108.0318  gms 

80.3012 

24.6668 

~£J21± 

188.2722 
15.6092  gm 

12.2730 


The  two  moaels  dlffar  In  total  mass  by  0.03%  for  an  average 
mass  as  follows: 


Bomb  w/tal Ibratlon  plug  and  reslitor  188.2  giw 

Bomb  w/cal ibratlon ,  plug,  resistor  and 

pressure  trantductfr  203.8 

fcomb  w/spen;  Initiator  ano  pressure 

transducer  but  w/o  calibration  plug  and  207.9 

^esl  stor 


The  Initiator,  calibration  resistor  plug  and  transducer  each 
have  mating  electrical  connectors  which  are  partially  nr  totally 
below  the  water.  The  masses  of  tnese  are  small  acd  have  not  been 
included. 

Slight,  modi f 1 catl oni  to  the  Parr  Model  1411  Colorimeter  were 
necessary.  These  Included  an  extension  of  the  stirrer  shaft  and 
bomb  support,  removal  of  the  thermometer  support  rod  and  fabrication 
of  a  cover  clamp  for  the  electronic  thermometer  probes.  These 
modifications  are  detailed  In  Appendix  C. 


4.  calibration  methods 


It  Is  desirable  to  provide  more  than  one  calibration  method  as 
a  verification  of  the  technique  and  measuring  apparatus  used.  In 
this  case  the  methods  considered  were  heat  powder  and  resistive 
heating  from  two  sources,  one  from  a  capacitor  discharing  through 
a  resistor  and  one  from  constant  voltage. 

4.1  Heat  Row do r 

Heat  powders  are  presently  available  from  the  National  Bureau 
of  Standards  with  certified  values  In  the  nominal  region  of  400 
calorles/gm.  These  require  Ignition  by  hot  wire  and  are  susceptible 
to  Incomplete  combustion  when  used  In  small  quantities  unless  the 
sample  Is  well  confined,  for  50  calories  the  sample  would  be  1/8  gm 
and  while  larger  quantities  could  be  used,  the  calibration  for  very 
large  quantities  of  heat  could  differ  from  the  calibration  for  50 
calories . 

In  addition,  there  are  problems  of  having  the  sample  adequately 
dried,  weighed,  and  Ignited  In  an  Inert  atmosphere.  Results  depend 
somewhat  on  the  pressure  of  this  atmosphere.  Moderate  safety  pre¬ 
cautions  are  necessary  in  handling  and  results  may  be  somewhat 
variable  In  the  hands  of  persons  not  familiar  with  heat  powders. 

.4^2 _ Capacitance  Discharge 

To  store  GO  calories  or  210  joules  of  energy  In  a  capacitor 
requires  either  high  capacitance  values  or  large  charging  voltages. 
At  about  100  volts  a  capacitance  of  about  42.000  microfarads  is 
required.  Such  capacitances  are  avalable  only  in  electrolytic 
type  capacitors  unless  many  individual  units  of  another  type  are 
assembled  in  parallel. 

Unfortunately  electrolytic  capacitors  exhibit  dielectric 

absorption,  a  phenomenon  which  is  characterl zed  by  the  recovery  of 

a  voltage  across  the  plates  following  discharge.  An  alternative 

explanation  Is  that  the  apparent  capacitance  Is  not  constant  with 

voltage  ouring  discharge  as  4 n  an  Ideal  capacitor  but  instead  the 

capacitance  Increases  and  the  plot  of  charge  vs  voltage  Is  non- 

2 

linear.  Therefore  the  energy  stored  Is  not  given  by  C V  / 2  as  Is 
true  for  an  ideal  capacitor. 
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This  method  was  extensively  Investigated  including  t^-e  use  of 
larger  capacitors  than  necessary  so  that  they  might  be  only  partially 
discharged.  To  minimize  the  dialectic  absorption  effects,  two 
capacitors  in  parallel  of  total  value  0.084  farads  were  discharged 
from  100  volts  to  70  volts  and,  although  the  variation  of  capacitance 
over  this  range  was  sufficiently  small,  the  voltage  recovery  near  70 
volts  amounted  to  1.5  to  2.2  volts.  This  made  It  difficult  t.o  com¬ 
pute  the  energy  actually  supplied  to  the  resistor  as  heat.  The 
resistor  used  was  300  ohms  giving  an  electrical  time  constant,  RC, 
of  25  seconds.-  The  peak  current  was  then  1/3  ampere  with  a  peak 
power  of  33  watts.  Other  considerations  are  included  in  Sec.  4.3. 

This  method  was  compared  with  that  using  a  constant  voltage 
and  the  two  energies  so  generated  would  agree  quite  well  if  the 
final  voltage,  at  the  end  of  the  discharge  near  70  volts,  was 
taken  15  to  25  minutes  following  the  discharge.  That  is,  the  final 
voltage  used  In  the  energy  calculation  should  be  that  taken  some 
time  after  the  discharge  has  ceased  and  the  capacitor  has  had  a 
chance  to  recover.  This  makes  this  method  somewhat  impractical  and 
uncertain  but,  with  proper  care  on  the  part  of  the  personnel  using 
It,  It  can  be  a  secondary  or  backup  calibration  procedure.  (See 
Appendl x  D. ) 

4,3  Joule  Heating  ( R 1 2 1 ) 

A  constant  voltage  applied  for  a  known  time  to  a  resistor  of 
sufficient  wattage  rating  to  prevent  excessive  heating,  results  In 
a  conversion  of  electrical  energy  to  heat  which  can  be  accurately 
measured.  A  nominal  300  ohm,  5  watt  resistor  was  selected  for  the 
following  reasons: 

a)  Reasonable  voltages  could  be  applied  to  generate 
the  needed  heat  in  about  one  minute. 

b)  Its  pnysical  size  was  the  largest  which  would 
fit  inside  the  bomb  arid  pass  through  the  3/8“ 
hole  in  the  cap. 

c)  Its  resistance  is  high  enough  to  make  contact 
resistance  negligible  although  a  correction 
should  be  made  for  the  small  diameter  connecting 
lead. 


1 1 


Immersion  of  the  resistor  In  water  Inside  the  bomb  appreciably 

Improves  the  heat  transfer  and  assures  that  the  temperature  rise 

at  all  times  is  too  small  to  change  the  resistance  as  much  as  0.05%. 

The  resistor  must  be  sprayed  with  acrylic  to  prevent  electrolytic 

action  between  its  leads  and  the  water.  Various  alternatives  are 

2  2 

available  In  calculating  the  energy;  Vlt,  RI  t  or  V  t/R.  Iri 
addition  to  time,  it  is  necessary  to  measure  two  of  the  three 
quantities;  resistance,  voltage,  and  current.  It  was  decided  here 
to  measure  the  resistance  with  a  Wheatstone  bridge  and  to  obtain 
the  current  by  reading  the  voltage  across  a  high  precision  10  ohm 
resistor  in  series  with  the  bomb  calibrating  resistor.  The 
decision  to  use  I  rather  than  V  was  based  on  the  following: 

a)  If  V  were  measured  It  must  be  taken  to  include  the 
drop  in  the  leads  and  then  corrected  whereas  the 
current  is  the  same  at  all  points. 

b)  The  Wheats  one  bridge  permits  a  measurement  of  the 
resistance  of  the  10  ohm  precision  resistor  and  the 
300  ohm  bomb  resistors  before  and  after  a  run  as  a 
check.  No  measurements  r.ied  be  taken  during  the 
run  except  the  voltage  across  the  10  ohm  resistor. 


c)  The  voltage  across  the  10  ohm  resistor  is  nominally 
1  volt  (I  =  0.1  Amp  *  30  volts/300  ohms).  This  is 
readily  measured  to  four  digits  with  a  digital 
voltmeter  to  an  accuracy  of  +  1  mv  or  0.1%. 

A  procedure  for  the  calibration  is  given  in  Appendix  E. 
Included  in  Appendix  B  is  a  circuit  which  permits  starting  the 
electrical  timer  simultaneously  with  the  »ppl ication  of  a  constant 
voltage  to  the  bomb  calibration  resistor.  The  voltage  across  the 
10  ohm  resistor  is  conveniently  read  at  terminals  provided  and  a 
dummy  300  ohm  resistor  is  available  for  roughly  adjusting  the 
current  prior  to  the  run. 


r5S&‘ 
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5.  PROBLEMS  ASSOCIATED  WITH  MEASURING 
MINUTE  QUANTITIES  OF  HEAT 

Calorimetry  involving  large  quantities  of  heat  minimizes  the 
need  for  highly  accurate  allowances  for  stirring  energy,  transfer 
with  the  surroundings,  stirrer  bearing  friction  and  the  like. 
However,  in  a  measurement  of  50  calories,  effects  wh’ch  might  be 
ignored  or  grossly  corrected  for  in  the  more  common  bomb  calorimetry 
must  be  reduced  and/or  made  to  cancel  out.  Hopefully  many  of  these 
can  be  evaluated.  A  chief  concern  in  this  study  was  tne  identifica¬ 
tion  of  all  the  sources  of  heat  generation  and  transfer  and  the 
estimation  or  actual  measurement  cf  values  for  them. 

5.1  The  System  -  Its  Parts  and  Its  Surroundings 

Fig.  2  is  a  schematic  representation  of  the  system.  A  nhoto- 
graph  of  its  parts  is  shown  in  Fig.  3.  Temeprature  sensors  are 
located  at  B  and  C. 


/\  ~  jQomb  /n^cr/or 
jQ-  Galar/rnerhsr  iMrkr 
C  -  A mbic.n’f'  sAfr 
D-  &<zor/nj 

G 


£  ~~  H'zcrf-  Transfer  Szhemofec 


14 


Heat  Is  generated  within  the  system  by  conversion  from: 

a)  mechanical  energy  at  0  due  to  bearing  and  belt 
friction,  both  functions  of  belt  tension 

b)  mechanical  energy  at  B  due  to  viscous  friction 
of  the  stirrer  in  the  calorimeter  water 

c)  electrical  energy  at  B  from  the  power  to  operate 

the  pressure  transducer  which  contains  an  Integrated 
ci rcul  t 

d)  electrical  energy  at  A  during  calibration  due 
to  resistive  heating 

e)  chemical  energy  at  A  during  Initiator  tests  due 
to  ignition  of  the  Initiator 

Exchanges  with  the  surrounding  room  occur  through 

f)  radiation  through  the  various  jacket  layers 

g)  conduction  through  the  jacket,  along  the  stirrer 
shaft,  along  the  temperature  sensing  probes  or 
connecting  cables 

h)  convection  effects  beneath  the  cover  and  outside 
the  jacket. 


Thermal  gradients  must  be  established  throughout  all  parts  of 
the  system  whenever  a  change  of  temperature  occurs,  l.e.,  con¬ 
tinuously  but  very  slowly  in  the  uses  described  here.  Whenever 
such  gradients  cease  to  change,  equilibrium  has  been  established. 
In  this  system  the  temperature  sensors  are  of  such  high  resolution 
that  equilibrium  is  rarely  effectively  established  and  one  must  be 
satisfied  with  near  equilibrium  or  quasi-steady  state  conditions. 

5.2  Non-Temperature  Dependent  Transfers 

Items  (a)  through  (e)  in  Sec.  5.1  constitute  transfers  which 
are  temperature  independent.  Item  (a),  the  bearing  friction,  is 
slightly  temperature  dependent  in  that 

(1)  the  bearing  temperature  increases  during  operation 
thereby  producing  increased  radiation,  convection 
and  conduction  which  are  temperature  dependent 


(2)  the  bearing  friction  increases  with  decreasing 
ambients  due  to  increased  viscosity  of  the 
bearing  lubricant. 

These  effects  were  believed  to  be  second  order  effects  and  were 
neglected. 

For  this  general  class  of  transfers,  the  rate  of  heat  flow, 
dQ/dt,  will  be  designated  as  dQ/dt  =  N.  A  theoretical  treatment 
of  this  transfer  will  be  found  in  Appendix  F. 

Fig.  4  shows  the  effect  of  two  of  these  non-temperature 
dependent  transfers,  a  changing  belt  tension  and  the  transducer 
power . 

5.3  Temperature  Dependent  Transfers 

Items  f,  g,  and  h  in  Sec.  5.1  constitute  transfers  which  may 
be  considered  proportional  to  the  temperature  difference  between 
the  calorimeter  water  at  B  and  the  ambient  air  surrounding  the 
jacket  at  C.  Conduction,  convection  and  radiation  may  all  be 
represented  by  a  product  of  a  constant  and  the  temperature 
difference  if  that  difference  Is  not  too  large. 

For  this  general  class  of  transfers,  the  rate  of  heat  flow, 
dQ/dt,  will  be  represented  by  D  (TR-T).  A  theoretical  treatment 
of  this  transfer  will  be  found  In  Appendix  F. 

If  the  temperature  dependent  transfers  are  made  to  constitute 
losses  from  the  system  by  making  the  water  temperature,  T,  larger 
than  the  room  temperature,  TR,  and  if  such  losses  can  be  made  to 
balance  the  gains  from  the  non- temperature  dependent  transfers, 
then  the  net  transfer  rate,  dQ/dt,  will  be  zero  and  the  system  will 
remain  at  constant  temperature.  In  practice  this  is  rarely 
obtainable,  but  at  least  the  rate  of  change  of  temperature  can  be 
made  small. 

5.4  Initial  Temperature  Variations  Following  Asse mbly 

Whenever  the  system  Is  assembled,  there  follows  a  period  in 
which  the  Interior  temperature  is  changing  in  an  attempt  to  reach 
an  equilibrium  condition.  The  transient  is  affected  by  the  stirrer 


action,  transducer  power,  and  the  Initially  different  temperatures 
of  water,  flask,  jacket,  bomb,  etc. 

Flo.  S  shows  the  temperature  variation  for  a  93  minute  period 
following  assembly.  The  shape  of  this  curve  depends  on  the  Initial 
temperature  difference  between  the  water  and  the  surrounding  air. 

In  this  case  that  difference  was  1.2  to  1.5  C®.  A  constant  slope 
Is  not  reached,  In  theory,  for  a  very  long  time.  In  practice, 
the  subjective  judgement  that  the  slope  has  become  constant  depends 
on  the  precision  of  the  temperature  measurement  and  the  time 
Interval  of  observation.  In  the  figure,  constant  slope  appears  to 
have  been  attained  after  about  7$  minutes,  the  value  being  3.3 
mlllldegrees  per  minute.  The  temperature  difference  between  Inside 
and  outside  the  calorimeter  Is  continually  changing  since  most 
laboratory  areas  are  not  temperature  controlled  better  than  perhaps 
+  0.5  C#  over  a  15  minute  pe  lod. 

Such  small  changes  would  not  affect  systems  used  to  ..-leasure 
large  quantities  of  heat.  In  the  case  of  small  quantities, 
attention  must  be  paid  to  whether  or  not  the  sjope  of  the  T  vs  t 
curve  Is  changing  rapidly  enough  to  produce  a  measurable  effect  on 
the  results  a*  an  eighteen  minute  initiator  test.  This  Is  speci¬ 
fically  -k  d  for  In  the  Operating  Procedure  In  Appendix  C, 

It  wa*  round  that  If  the  calorimeter  water  were  2  to  3  C° 
above  the  surroundl ngs ,  the  slope  was  close  enough  tc  zero  that 
It  changed  very  slowly.  The  waiting  period  prior  to  a  test  could 
then  be  as  short  as  fifteen  minutes,  just  enough  time  for  the 
stirring  and  transducer  energies  to  establish  Initial  heat  flow 
pAt'is  to  the  room  and  to  accomplish  a  nearly  uniform  temperature 
between  the  water,  vacuum  flask  wall,  and  bomb.  Variations  In  belt 
tension  will  also  affect,  the  required  temperature  difference.  The 
chief  criteria  are  that  the  rate  of  change  of  temperature  be  small 
and  relatively  constant  o'-'i-r  ths>  nominal  eighteen  minute  Initiator 
test  period  and  that  at  least  fifteen  minutes  has  elapsed  since 
the  stirring  began. 


5-5  Thermal  Time  Constants. 

1 1  nnn~  1  rr  «wmmwi>ii 4 mum— mi tn»w *»— m m* hi 

Application  of  a  heat  energy  pulse  to  a  thermal  system  or  a 
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sudden  temperature  change  between  the  interior  and  exterior  of  a 
system  produces  a  thermal  pulse,  the  effect  of  which  decays  slowly 
with  time.  Two  specific  applications  are  cf  interest  here: 

(a)  A  change  of  ambient  air  surrounding  the  system 
induces  a  change  cf  thermal  gradients  affecting 
the  water  temperature. 

(b)  A  heat  pulse  Is  supplied  to  the  Interior  of 
the  bomb  by  an  initiator  or  during  calibration. 

This  pulse  is  subsequently  detected  as  an 
increase  of  water  temperature. 

Time  Constant  for  Transfer  From  Water  to  Surroundings 

The  entire  calorimeter  assembly  was  placed  in  a  freezer  at 
-17°C  to  -20°C.  The  calorimeter  water  temperature  was  monitored 
over  a  five  hour  period  during  which  it  reduced  from  24#C  to  7°C. 

A  plot  of  the  logarithm  of  AT/ATmaj  vs  time  Is  shown  In  Flq.  15 
in  Appendix  F,  This  semi-log  plot  yielded  a  time  constant  of 
8.5  hours. 

A  value  of  9.0  hours  for  this  constant  was  obtained  from 
Fig.  14  in  Appendix  F.  The  theory  relating  to  these  values  also 
is  discussed  in  this  appendix. 

The  approximate  6%  difference  between  the  values  Is  not 
important  but  rather  the  fact  that  the  time  constant  Is  quite 
long.  A  nine  hour  time  constant  means  that  it  will  take  nine  hours 
for  63%  of  an  imposed  change  In  AT  between  the  room  and  the  water 
to  be  observed  as  a  change  of  water  temperature.  It  takes  five 
time  constants  or  45  hours  for  99%  of  the  change  to  be  accomplished. 
It  would  therefore  appear  that  the  system  is  well  Insulated. 

This  Is  misleading  in  that  the  water  temperature  sensor  detects 
changes  of  1  millidegree.  It  is  appropriate  here  to  calculate 
how  long  it  should  take  the  water  inride  the  calorimeter  to  change 
1  millidegree  following  a  change  In  AT  across  the  calorimeter 
insulation  of  0.1  C°  (about  the  limit  of  stabilization  for  a  well 
controlled  laboratory). 
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AT  «  AT  n-«  ’ty  t) 

0.001  »  0. 1  (l-e't/x) 
e't/T  -  1  ••  •  0.99 

t/  r  -  .01 

t  a  .01  x  P4G  minute* 

*■  5.4  minutes 

In  general,  for  room  temperature  variations  iOO  times  the  temperature 
sensor  resolution,  the  sensor  will  detect  the  change  after  H  of  a 
time  constant. 

It  Is  concluded  that  because  thli  3.4  minutes  is  lest  than 
the  18  minute  test  Interval,  changes  In  room  temperature  should  be 
minimized.  Fig.  11  In  Sec.  6.2  shows  the  effect  of  turning  the  air 
conditioner  on  and  off. 

Time  Constant  for  Energy  Pulses 

During  an  initiator  test,  It  Is  recommended  In  Appendix  C  that 
a  time  of  six  (or  perhaps  twelve)  minutes  be  allowed  for  the  energy 
Dulse  to  be  completely  detected  by  the  rise  of  water  temperature. 

The  Initiator  energy  is  released  chemically  In  a  fraction  of  a  second 
but  the  heat  from  this  flash  of  flame  (and  possibly  molten  ash)  must 
be  transferred  through  the  bomb  wall  to  the  calorimeter  water  to  be 
detected.  An  estimate  of  the  time  constant,  for  this  transfer  was 
desirable  since  VMIRL  was  not  going  to  perform  any  tests  using  actual 
1 n 1 t 1 ators . 

Fig.  10  in  Sec.  6.2  shows  a  typical  pulse  produced  by  electrical 

heating.  This  pulse  appears  to  produce  an  exponential  temperature 

rise.  A  plot  of  the  logarithm  of  AT  vs  time  measured  from  the  actual 

curve  to  a  corresponding  point  on  the  dotted  line  above  It  (which 

corrects  for  the  rise  due  to  room  temperature)  was  linear,  except 

for  a  small  initial  time  period.  Fig.  6  shows  the  results  of  six 

such  plots,  three  using  the  capacitance  discharge  method  and  three 
2  2 

using  the  RI  t  method.  In  the  RI  t  method  the  energy  for  the  pulse 
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was  supplied  over  a  70  second  Interval  At  a  constant  rate.  Using 
the  capacitor,  the  energy  was  supplied  at  an  exponentially  decreasing 
rate  with  an  electrical  time  constant,  RC,  of  25  seconds.  The 
resistor  Inside  the  bomb  was  transferring  Its  heat  through  air  to 
the  Interior  bomb  wall.  The  slopes  of  these  curves  are  essentially 
equal,  yielding  a  time  constant  of  117  seconds. 

It  should  be  noted  that  the  Initial  periods  of  nor.-l  1  nearl ty 
on  the  plot  a-e  longer  for  the  R 1 2 1  method  than  for  the  capacitor 
method  but  that  this  does  not  affect  the  final  slope  value  and 
time  constant. 

To  Improve  this  transfer,  about  8  gm  of  the  250  gm  of  calori¬ 
meter  water  was  placed  Inside  the  bomb.  Fig.  7  Is  a  semi-log  plot 
of  if  vs  time,  again  using  both  the  capacitor  and  the  R 1 2 1  cali¬ 
bration  methods.  The  results  are  similar  to  those  discussed  above 
except  for  a  time  constant  which  Is  35  seconds. 

It  Is  concluded  that  the  time  constant  for  heat  transfer  from 
the  initiator  to  the  calorimeter  water  will  have  an  upper  limit  of 
about  117  seconds  and  a  lower  limit  of  about  35  seconds.  It  coild 
be  closer  to  this  latter  value  It'  an  appreciable  amount  of  molten 
ash  Is  projected  against  the  bomb  wall  since  this  should  speed  the 
transfer.  The  very  short  time  required  for  the  chemical  energy  to 
produce  heat  energy  Is  an  Insignificant  factor  compared  to  the  time 
constant  for  transfer. 

The  six  minutes  allowed  In  the  calibration  procedure  of 
Appendix  C  was  clearly  verified  by  the  fourteen  pulses  plotted  In 
Fig.  11  of  Sec.  6.2  in  which  the  8  gm  of  water  was  used  Inside  the 
bomb.  Six  minutes  Is  8.5  time  constants  which  theoretically  Includes 
99.98*  of  the  complete  energy  pulse.  Since  a  typical  temperature 
rise  Is  180  ml  1 1 1  degrees  with  a  reading  accuracy  of  1  mlllldegree 
or  0.55*.  the  time  allowed  to  essentially  complete  the  pulse  should 
be  that  for  99.45*  of  the  pulse  or  5.4  time  constants  If  5.4  time 
constants  are  necessary  for  an  Initiator  test  which  allows  6  minutes, 
then  the  time  constant  for  an  Initiator  pulse  transfer  should  be 
U . 4 / 6  or  0.9  minutes  which  might,  be  possible  since  it  was  shown  above 
that  the  resistor  in  air  gave  a  2  minute  thermal  time  constant. 
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Should  subsequent  tests  on  the  actual  initiator  by  others  indi¬ 
cate  a  longer  time  is  needed,  the  operating  procedure  of  Appendix 
C  should  be  modified  to  increase  the  middle  time  interval  (for 
pulse  temperature  rise)  to  9  or  even  12  minutes  rather  than  the 
6  minutes  presently  specified. 
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6.  EVALUATION  OF  VMIRL  DESIGNED  BOMB 

The  components  of  the  VMIRL  bomb  are  shown  In  Fig.  1  of  Sec.  3. 
Detail  drawings  of  each  part  are  shown  in  Appendix  B.  The  parts 
of  the  Parr  model  1411  Calorimeter  into  which  the  bomb  fits,  are 
shown  In  Fig.  3  in  Sec.  5.1.  Fig.  8  Is  a  photograph  of  the  entl re 
apparatus  used  in  determining  the  water  equivalent. 

6.1  Water  Equivalent  -  Approximate  Calculation 

Theoretically  the  water  equivalent  of  a  system  can  be 
obtained  by  summing  the  products  of  the  mass  and  specific  heat 
of  the  Individual  components.  In  practice  this  is  not  completely 
successful  but  a  lower  limit  can  be  obtained  using  those  components, 
the  temperature  of  which  must  vary  by  the  temperature  variation  of 
the  water  with  which  they  are  in  contact.  In  this  design,  those 
components  include: 


(a) 

25C  gm  of  water  in  the  vacuum 

flask 

(b) 

approximately  200  gms  of  bomb 
17-4  PH  stainless  steel 

made 

of  Type 

(c) 

16  gm  of  pressure  transducer 

(d) 

12  gm  of  sti rrer 

(e) 

18  gm  of  bomb  support  (wire) 

(f) 

metal  temperature  probe(s) 

(g) 

some  allowance  for  the  inner 
the  vacuum  flask. 

glass 

wall  of 

Approximate  values  for  items  (b)  through  (g)  might  total  270 
gms.  Assume  all  these  components  have  a  specific  heat  of  0.10 
cal/ym  C°  yielding  a  water  equivalent  of 

(250  x  1)  +  (270  x  0.1)  =  277  cal/C° 

6.2  Water  Equivalent  -  Actual  Measurement 

In  theory,  the  water  equivalent,  h,  is  obtained  by  dividing 
the  quantity  of  heat  energy  added,  Q,  by  the  temperature  rise,  AT, 
which  it  produces  or  h  *  Q/AT. 


ere 


In  practice,  the-  bomb  placed  under  waiter  in  the  calorimeter 
reaches  a  temperature  equilibrium  rather  quickly  with  the  well- 
stirred  water  but  rather  slowly  with  the  remainder  of  the  calori¬ 
meter  which  must  have  established  within  it  some  temperature 
gradient  through  its  layers  of  air,  metal,  glass  and  bakellte.  In 
Sec.  5.3  it  was  shown  that  the  thermal  time  constant  for  the 
entire  calorimeter  system  was  about  9  hours.  In  Sec.  5.4  the 
stabilization  period  was  discussed. 


ttg-  9  tncryy  P//se<s  wPh  QJf-fcnznt  S/opes 
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In  (a)  the  original  and  final  slopes  are  so  nearly  Identical 
that  the  rise,  AT,  may  be  measured  at  any  point  between  the  parallel 
lines.  In  (b)  this  Is  net  so  ond  AT  must  be  read  at  some  point  with¬ 
in  the  transient  period,  that  point  being  selected  based  on  some 
fraction  of  the  transient  period  to  compensate  for  the  different 
si  opes . 

In  this  report,  considerable  care  Is  taken  to  assure  that  these 
slopes  are  so  nearly  equal  that  It  Is  possible  to  measure  this  AT 
conveniently,  at  the  start  of  the  energy  pulse  (Initiator  or  cali¬ 
bration),  without  substantial  error.  The  actual  procedure  for 
taking  readings  is  outlined  in  Appendix  C  (Initiator  tests)  and 
Appendix  £  (calibration  tests). 

Fig.  10  Is  a  plot  of  a  typical  curve  obtained  when  an  energy 
pulse  of  about  50  calories  was  supplied  to  the  bomb  via  electrical 
heating  of  the  calibration  resistor.  The  plot  uses  a  scale  In  which 
each  small  division  represents  1  mlllidegree  centigrade.  On  such 
a  sc?.le  the  slope  of  the  temperature- time  plot  Is  very  evident.  In 
this  study,  data  was  taken  over  periods  of  typically  severa1  hours 
with  50  calorie  energy  pulses  supplied  to  the  bomb  about  every  15  to 
25  minutes.  In  this  way  a  reliable  slope  could  be  determined  prior 
to,  and  following,  each  pulse. 

The  rise,  AT,  was  obtained  by  extending  the  slope  following  the 
pulse  backward  to  the  start  of  the  pulse  and  measuring  the  rise 
there,  179  mi  1 1 1  degrees  on  the  sample  shown. 

2 

The  energy  supplied  is  calculated  from  81  t  using  for  R  the 
corrected  resistance  obtained  by  subtracting  the  lead  resistance 
from  that  for  lead  plus  resistor.  The  current  Is  read  from  the 
voltage  across  a  10.00  ohm  precision  resistor  and  the  time  from  an 
electrical  timer  readable  to  +  C.l  seconds  for  which  an  estimate  to 
0.03  seconds  is  possible.  Precisions  are  as  follows: 

In  R,  303.1  +  0.05  ohms  from  a  Wheatstone  bridge  whose 
accuracy  was  verified  with  Leeds  and  Northrup  standard 
resistors  of  accuracy  +  0.012.  The  oyerall  precision  of  R 
is  judged  not  to  exceed  0.052  including  connector  resistance, 
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In  t,  simultaneous  application  of  the  energy  to  the 
bomb  and  starting  of  the  timer  is  assured  by  using  a  common 
switch  in  the  circuit  shown  in  Appendix  B.  The  precision 
of  t  is  70.0  +  0.07  sec  or  +  0.10%.  This  makes  some 
allowance  for  the  inertia  of  starting  and  stopping  the 
timer  which  allowances  tend  to  partially  cancel. 

In  I,  the  digital  voltmeter  reading  the  voltage  across 
the  10.00  ohm  resistor  has  a  resolution  of  +  1  digit  in 
four  or  1.001  +  0.001  volts.  This  meter  accuracy  was 
verified  using  a  potentiometer  readable  to  1  digit  In  5, 
the  standard  voltage  cell  of  which  had  been  recently 
checked.  The  precision  of  I  is  thus  estimated  to  be 
0.2%,  that  of  1^  is  then  0.4%. 

Combining  these  percent  precisions  by  taking  the  square  root  of 
the  sum  of  their  squares,  one  obtal  ns.\/.  1^  +  '  .05^  +  .42  -  \f.  1  725  3  0.41% 
as  the  precision  of  the  energy  calculation. 

Typical  measurements  of  AT  from  the  graphs  or  from  the  data 
taken  at  specific  six  minute  intervals  (as  in  the  procedure  of 
Appendix  E  for  calibration)  indicate  precisions  of  180  +  2  mi  11  i  - 
degrees  or  about  1%. 

Values  of  the  water  equivalent,  h,  then  have  percent  pre¬ 
cisions  due  to  Q/AT  of\/o.412  +  l2  =  \J  "\ .1  73  -  1.08%.  That  is.  the 
precision  of  h  is  essentially  that  due  to  the  AT  measurement.  It 
should  also  be  remembered  that  of  the  total  water  equivalent  of  284 
cal/C°,  250  is  due  to  actual  water  inside  the  vacuum  flask  and  the 
bomb.  A  possible  precision  of  +  0.2  cm  in  a  volumetric  pipette  and 
seme  allowance  for  improper  drying  could  introduce  an  additional 
inaccuracy  in  h  of  0.5  in  250  or  0.2%.  It  seems  safe  tc  conclude 
that  h  can  then  foe  relied  upon  to  less  than  +  2%  conservatively. 

See  Error  Analysis  -  Appendix  A. 

Fig.  11  is  a  plot  of  a  series  of  14  energy  pulses  applied  to 
the  bomb  without  a  change  of  water  in  the  surrounding  calorimeter 
between  pu’ses.  The  scale  is  broken  to  show  all  14  pulses.  The 
values  obtained  for  each  of  these  trials  are  listed  in  Table  1. 
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These  were  determined  from  plots  like  that  of  Fig.  10.  The  method 
of  Appendix  C  using  data  at  specific  times  was  applied  to  this  same 
data  and  the  resulting  values  of  AT  agreed  with  the  graphical 
method  exactly  or  differed  by  no  more  than  1  millidegree  as  shown 
in  the  last  column  of  Table  1.  The  water  equivalent  was  determined 
to  be  283.8  cal/C°  with  a  standard  deviationt  a,  of  1.37  cal/C°  or 
0.5%.  This  value  was  obtained  from  12  trials  summarized  in  Table 
1.  It  should  be  emphasized  again  that  this  standard  deviation  is 
low  because  these  pulses  were  applied  without  a  change  of  water 
(250  cal/C°).  If  a  possible  deviation  of  0.5  gm  in  the  water  used 
is  added  to  the  above,  the  standard  deviation  could  be  3.3  cal/C°  o 
1.2%  (see  example  in  Appendix  A)  which  remains  well  within 
acceptable  limits.  This  value  should  apply  to  Model  1  or  Model  2 
since  their  masses  are  Identical  within  0.03%.  It  should  apply 
equally  well  when  the  Initiator  replaces  the  calibration  resistor 
plug  since  this  results  in  an  increase  of  mass  of  4  gm  or  about 
0.4  cal /C°  ,  0.15%  of  h. 
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TABLE  1 

SUMMARY  OP  WATER  EQUIVALENT  CALCULATIONS 

250  gm  of  Water  (Includes  8  gm  inside  bomb) 

Rl^t  Method  R  =  303.1  excluding  leads  t  ■  69  sec. (approx) 


Trial 

Energy 
Pulse 
Calori es 

Temp.  Rise 
by  graph 

C° 

Calc.  Water 
Equivalent 

Cal /C° 

Temp.  Rise 
by  formula 
C° 

1 

49.38 

0.174 

283.8 

0.174 

2 

51 .  or> 

.179 

285.2 

.179 

3 

51.31 

.179 

286.6 

.178 

4 

50.36 

.177 

284.5 

.177 

5  * 

49.50 

.172 

287.8 

.171 

6 

50.59 

.179 

282.6 

.178 

7 

49.71 

.176 

282.4 

.176 

8 

50.49 

.179 

282.1 

.179 

9 

50.09 

.177 

283.0 

.176 

10 

50. 3P 

.1775 

283.4 

.176 

11 

50.23 

.178 

282.2 

.177 

12 

49.70 

.174 

285.6 

.175 

13  * 

50.79 

.176 

288.6 

.176 

14 

101.80 

.  358 

284.4 

.359 

Average 

of  12  trials  . .  , 

.  283.8 

Standard 

Deviation  a  - 

1.37  or  0.5* 

2a  -1 

2.74  or  281.1  to 

286.5 

* 

This  trial  was  discarded  before  averaging.  U  wat  affected 
by  turning  off  the  room  air  ce  *i1t1oner  Just  prior  to  the 
trial.  See  Fig.  11.  Turning  on  the  air  conditioner  does 
not  alter  the  room  temperature  as  suddenly. 
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Table  1  Indicates  two  standard  deviations,  2a,  is  2.74  yielding 
a  range  of  281.1  to  286.5  cal/gm.  2o  in  a  Gaussian  distribution 
should  contain  95.4%  of  the  values.  In  Table  1,11  of  the  12  (92X) 
are  within  this  range.  Had  there  been  many  more  than  12  trials  the 
standard  deviation  of  the  mean  would  be  expect*  d  to  be  1.37/j/TT  ■  0.4 
cal /C°  or  0.14*. 

Two  trials,  numbers  5  and  13  In  Fig.  11,  were  omitted  from  the 
average  In  Table  1.  As  explained  in  Sec.  5.5,  a  sudden  and  sizeable 
change  in  room  temperature  will  affect  a  test.  Trials  5  and  13 
were  performed  immediately  after  the  room  air  conditioner  was 
turnad  off.  The  room  temperature  was  rising  sharply  during  the  next 
20-25  minutes  (a  total  rise  of  about  2  C°  In  each  case).  This  had 
a  marked  effect  on  the  slope  during  the  latter  part  of  that  period. 
The  effect  of  turning  on  the  air  conditioner  was  far  less  pronounced 
because  the  room  temperature  changed  more  s'owly  when  decreasing  on 
a  hot  day  than  when  Increasing. 


Data  to  determine  the  bomb  water  equivalent  was  taken  with  the 
same  apparatus  following  the  VMIRl  tests  by  Hr.  Frank  Krleger  of  the 
Harry  Diamond  Laboratorl es .  Details  are  listed  ,n  Appendix  G. 

Table  1  In  Appendix  G  lists  12  usable  values  obtained  without 
changing  water.  These  yield  an  average  of  284.3  eel/C*  with  a 
standard  deviation  of  2.3  or  0.8*.  When  this  average  Is  combined 
with  three  other  runs  In  which  the  water  was  changed,  the  average 
water  equivalent  is  284.8  cal/C*  with  a  standard  deviation  of  2.1 
or  0.7*.  This  is  In  good  agreement  with  VMIRL  values  and  confirms 
the  accuracy  of  loss  than  It  in  the  bomb  constant. 


6. 3  Pressure  Testing 

ran»H«Kn  w 


An  early  bomb  dasign  util  lied  an  unsupported  ntoprent  gasket 
between  the  bomb  cup  and  cap.  This  gesket  design  was  Improved  as 
suggested  by  the  Parr  Instrument  Co.  to  include  e  teflon  gasket  with 
a  machined  seat  in  the  cap.  It  was  believed  that  this  alteration 
would  improve  too  ability  of  the  gasket  to  withstand  the  design 
pressure  of  1000  ps > .  Details  uf  the  gasknt,  gasket  seer,  etc,,  are 
Shown  in  the  drawings  In  Appendix  I 
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Both  the  neoprene  and  teflon  gasket  designs  were  pressure  tested 
In  the  Physics  Department  of  the  University  of  Virginia  using  a  dead 
weight  tester  having  a  useful  range  to  2400  psl.  The  unsupported 
neoprene  gasket  held  at  1600  ps<  for  about  five  minutes.  Failure 
after  that  was  due  to  the  gasket  being  extruded  into  the  threaded 
portion  of  the  nut  along  the  outer  and  unsupported  edge. 

The  model  with  the  supported  teflon  gasket  set  In  a  grooved 
seat  as  shown  In  Appendix  8  held  at  2400  psi  with  no  leaks  under 
a  water  Immersion  test.  A  2600  psl  pressure  was  applied  and  there 
was  no  leaking  visible  but  accurate  and  prolonged  testing  was  not 
possible  because  this  value  exceeded  the  upper  limit  of  the  test 
facl 1 1 ty . 

During  this  testing  the  pressure  transducer  developed  a  leak 
at  1000  ps^  which  Increased  markedly  at  1600  psl  so  that  extra 
tightening  of  transducer  components  was  necessary,  leaking  also 
appeared  at  the  tapered  screw  threads  between  the  pressure  train* 
ducer  fitting  and  the  cup  body.  This  was  eliminated  by  using  two 
layers  of  teflon  tap#  in/i  by  tightening  the  thread  by  one  or  two 
complete  turns  (this  necessitated  subseouent  machining  of  the  end  of 
the  fitting  which  hao  then  protruded  into  the  cup  by  a  thread  or 
two ) . 


The  Scope  of  Work  In  Sec.  11  called  for  an  Internal  volume  of 
10  ml.  Each  of  the  moduli  was  checked  for  conformity  to  Ola 
specification  by  weighing  the  bomb  with  transducer  and  then  filling 
with  water  to  a  point  in  thu  threads  of  the  cap  which  was  estimated 
to  be  the  bottom  of  the  spent  initiator.  Ktwelghlng  and  subtraction 
yield*  the  water  mas*  added  In  gram*  which  is  eaulvelent  to  the 
v-olume  in  ml.  Care  was  exerc'sed  to  remove  trapped  eir  bubbles. 

MOOU  1  ••  9  S'!  ♦  0  05  ml.  MODfl  ?  ■■  9.  AO  ♦  005  ml. 

ihe  Inaccuracy  <n  me  a  tore  me  r  t  n  due  to  an  inability  to  exactly 
duplicate  the  level  of  filling. 
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6.5  Cycling  Time 

the  Scope  o'  Work  In  Sec.  1.1  called  for  a  recycle  time  of  lest 
than  1  hour.  This  time  depends  on  the  speed  with  which  an  Individual 
technician  can  disassemble*  clean  and  reassemble  the  calorimeter  In 
addition  to  the  stabilization  time  and  time  for  the  test  run. 

These  latter  two  times  are  fixed  at  15  min  and  18  min,  respec¬ 
tively,  for  a  total  of  33  min.  If  20  min  Is  allowed  for 
disassembly,  cleaning  and  reassembly,  the  total  time  1?  53  min 
which  Is  within  the  requirement.  The  20  min  period  would  seem 
reasonable  for  an  experienced  technician  after  several  trials. 

It  should  be  noted  that  the  test  runs  conducted  by  VMIRL  were 
all  calibration  runs,  none  being  with  actual  Initiators.  It  was 
shown  in  Sec.  5.8  that  the  thermal  time  constant  for  the  Initiator 
tests  could  be  longer  than  for  a  calibration  test  because  of 
poorer  transfer,  Should  this  prove  to  be  the  case  the  time  for  the 
transient  due  to  the  energy  pulse  might  have  to  be  Increased  from 
6  min  to  9  or  12  min  but  this  should  stHI  not  exceed  the  one  hour 
total  for  recycle  time. 

6.6  Thermometer  Comparison 

.fatornfai iwtoi  w tmi>« -  ■  mmmp  ’■#, «*>■■■  «r>-»  twiMttu 

A  Hewlett  Packard  Model  2801  A  Quartz  Thermometer  was  the 
primary  Instrument  used.  The  sansor  Is  a  quartz  crystal  having  a 
frequency  of  oscillation  which  Is  temperature  dependent.  It  1c 
enclosed  in  a  3/8"  diameter  by  11/16”  long  stainless  probe  connected 
by  a  miniature  coaxial  cable.  The  electrical  circuitry  Includes 
a  frequency  counter  with  digital  readout  directly  in  gC.  Two 
probes  are  available  for  readout  using  push  buttons.  Readings  may 
b«  t*k «n  to  a  resolution  of  0.01,  0.001,  or  0.0Q01  *G,  the  sampling 
time  being  0.1,  1,  and  10  seconds,  respectively,  Calibration, 
I'near'.ty,  and  stability  errors  are  In  the  order  of  a  few  hundredths 
of  a  degree.  Calibration  and  linearity  errors  are  Insignificant 
for  temperature  difference  me  inurement*  Short  term  stability  Is 
♦  0.0001  C*.  lbl»  instrument  with  probes  Is  values  at  over  $3600. 

A  less  expensive  instrument  would  bt  desirable  If  It  were 
equally  sultad  to  this  application.  The  Parr  Instrument  Company 
provided  on  loan  thair  Model  1616  Calorimetric  thermometer  menu- 
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factured  by  the  Yellow  Springs  Instrument  Co.,  Yellow  Springs,  Ohio. 
(YSI  Model  CT  11)  This  instrument,  valued  at  about  $2000,  has  a 
thermistor  as  a  sensor  enclosed  In  a  0.150"  dlam.  by  10"  long  probe 
(only  about  the  last  3/4"  need  be  immersed).  Its  range  Is  limited 
to  20  to  3Q6C  with  a  resolution  of  0.001  C*  and  a  sampling  rate 
estimated  to  be  well  under  one  second.  Provision  Is  made  for 
zeroing  the  Instrument  and  for  an  Internal  calibration  check  by 
push  buttons  on  the  front  panel.  Temperature  rise  measurements  over 
a  3  C®  span  ar  claimed  by  the  distributor  to  be  repeatable  to 
♦  0.002  C®. 

These  two  Instruments  we^e  used  s 1  mu  1 tancous 1y  on  several  test 
runs  and  the  less  expensive  thermistor  thermometer  appears  equally 
suitable  for  the  application  described  here.  A  Model  1656  Digital 
Printer  Is  available  for  a  permanent,  tape  record.  A  Model  1654 
Automatic  Programmer  Is  also  available  for  actuating  the  printer 
reading  mechanism  on  a  preset  schedule  of  readouts.  Neither  of  these 
letter  items  was  tested. 
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7.  CONCLUSIONS  AND  RECOMMENDATIONS 


A  bomb  useable  ir*  a  commercially  obtainable  calorimeter  was 
designed  and  two  models  were  fabricated  and  tested  with  the  following 
specifications  (Refer  to  Scope  of  Work  Sec.  1.1  for  design  goals): 

(1)  Predicted  precision  for  measuring  a  50  cal  pulse 
from  an  initiator  of  +  1  cal. 

(2)  Static  pressure  tested  to  2600  osl. 

(3)  Internal  volume  of  9.6  cc  and  9.85  cc  +  0.5% 
for  two  models  fabricated. 

(4)  Fitted  for  use  w1':h  one  pressure  transducer. 

(5)  Made  of  Type  17-4PH  Stainless  Steel  which  should 
be  suitable  for  at  least  1000  cycles.  Easily 
accessible  for  cleaning. 

(6)  Recycle  time  of  one  hour  was  based  on  calibration 
tests  and  estimated  to  be  that  for  Initiator  tests. 

(7)  Water  equivalent  measured  as  ?83 - 8  cal/C°  with  a 
standard  deviation  uf  1.37  cal/C*  In  reoeatabl 1 1 ty 
test*.  Predicted  standa-d  deviation  including 
error  n/  various  operators  In  weighing  water  is 
3.3  cal/C0  or  1.2%. 

(8)  Operating  procedure  and  calibration  procedure 
provided  separately  In  an  appendix. 


bo  c  il  tests  of  initiators  were  performed.  It  Is  recommended 
f  «  lowing  subsequent  completion  of  these  by  NASA,  the  operating 
procedure  be  reviewed  for  possible  changes  In  the  time  Interval 
( T, 2“lg )  allowed  for  equilibrium  to  be  attained.  The  standard 
deviations  the  water  equivalent  calibrations  and  Initiator  teats 
of  subsequ*;.  t  operators  would  be  of  Interest  In  a  continuing 
evaluation  of  performance  at  least  for  some  Initial  test  porlod. 
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APPENDIX  A  -  EPROR  ANALYSIS 


Introduction 

To  assess  the  pre  sion  of  the  various  quantities  calculated 
from  experimentally  measured  values  requires  a  knowledge  of  the 
precision  of  the  experimental  quantities  and  the  application  of 
appropriate  statistical  data  treatment  of  J:hese  precisions  depending 
on  whether  they  enter  the  calculations  in  a  sum,  difference, 
product,  quotient  or  aised  to  a  power. 

It  would  also  be  helpful  to  identify  the  relative  effect  of 
the  precision  of  each  experimental  quantity  ..he  pr  vion  of 

the  final  result  -  Mie  'Iculated  quantity  of  heat  fr  ,i  n  •“»xper.* 
mental  test  on  a  given  initiator. 

Distinction  Between  Absolute  Hrtcision  and  Percent  Precision 

As  an  example,  suppose  an  experimental ly  determined  average 
value  of  a  quantity  is  81.2  and  its  standard  deviation  from  a  number 
of  determinations  .s  +  0.4.  Its  absolute  precision  is  +  0.4.  Its 
percent  precision  is  0.4/81.2  or  +  0.49%. 

Rules  for  Precision  of  C alculated  Quantities 

Tre  fo11cwing  are  generally  accepted  methods  for  obtaining  the 
precision  of  a  quantity  calculated  from  an  equation  involving  the 
addit.on,  subtraction,  multlol 1  cation ,  etc.,  of  a  group  of 
qualities. 

(a)  Multiplica  ’on  and  Division  -  The  percent  pre¬ 
cision  of  u  product  or  quotient  (or  of  a 
combination  of  these)  Is  the  square  root  of  the 
v.m  of  toe  squares  of  the  percent  precision  of 

t.  e  1  r>  .1  vi  dual  firms  in  the  product  or  quotient. 

(b)  Addition  and  Subtraction  -  The  absol ute  precision 
of  a  sum  or  difference  (or  of  a  "comEi natl on  of 
these)  Is  the  square  root  of  the  sum  of  the 
squares  of  the  absol ute  precision  of  the  individual 
terms  in  the  sum  oT  difference .  If  the  experi¬ 
mental  quantity  Is  multiplied  by  a  constant  before 
addition  or  subtraction,  the  rule  for  handling 
percent  precision  in  multiplication  must  first  be 
appl led. 
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(c)  Quantities  Raised  to  a  Power  -  The  percent  pre- 

cision  of  Rn  is  n  times  the  percent  prect  si  on  of  R. 

Inspection  of  the  above  rules  indicates  that  the  precision 
calculation  for  a  quantity  involving  the  mixture  of  sums,  products, 
powers,  etc.,  will  require  the  computation  of  both  absolute  and 
percent  precisions  and  a  conversion  from  one  to  the  other  for 
different  parts  of  the  calculation. 

Quantities  and  Approximate  Values 

Table  2  includes  quantities  that  must  be  determined  by  experi¬ 
mental  measurement  and  ones  calculated  from  these  measurements. 
Experimental  quantities  have  precisions  that  depend  on  the  quality 
of  the  measuring  instrument  and  or  the  individual  making  the 
measurement  or  operating  the  instrument.  In  those  cases  in  which 
a  repeat  measurement  (or  trial)  Is  possible,  a  standard  deviation 
for  a  group  of  trials  can  be  obtained.  In  other  cases  such  as  for 
a  voltmeter  reading,  the  precision  must  be  estimated  from  (1)  the 
least  reading  on  the  scale  of  the  instrument  and  (2)  the  Inherent 
accuracy  of  the  instrument  as  determined  by  calibration  or  comparison 
with  a  documentable  standard.  In  this  table  a  combination  of  the 
above  precisions  has  been  made  and  the  values  shown  are  those 
typical  of  this  study. 
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TABLE  2 

PRECISIONS  OF  EXPERIMENTAL  AND  CALCULATED  QUANTITIES 


Approx. 

Percent 

Precision 

Expt. 

or 

Calc . 

Quanti ty 

t 

Nominal 

Value 

Appropriate 
Equation  for 
Calc.  Quad. 

1% 

E 

Temperature  Rise 

AT 

* 

0.178C0 

0.2 % 

E 

Water  Heat  Capacity 

hw 

= 

250  cal /C° 

1% 

E 

Capaci tance 

C 

= 

0.084  F 

E 

Voltage  on  Capacitor 

0.2% 

-  Initial 

Vo 

3 

100  V 

2%  * 

-  Final 

VF 

= 

70  V 

0.05% 

E 

Resistance 

R 

3 

300  ohm 

0.2% 

E 

Current 

I 

* 

0.1  A 

0.1% 

E 

Time 

t 

3 

70  sec 

\J.  052+.42+. I2 

C 

Calib.  Energy  Pulse 

G 

3 

210  J 

G  * 

RI2t 

»  0.41% 

4.1% 

(see  example) 

C 

Calib.  Energy  Pulse 
(alternate  method) 

G 

= 

210  J 

G  = 

1/2  CV2 

1.1%  or  4.2%** 

C 

Water  Equivalent 
( total ) 

h 

n 

282 

cal /C° 

h  = 

0.239  G 
- aT 

10%  or  37%** 

C 

Water  Equivalent 
(excluding  water) 

h ' 

= 

32 

cal/C° 

h'  = 

h-250 

1.6%  or  4.3%** 

C 

Initiator  Energy 

Pulse 

Q 

B 

50  cal 

Q  * 

hAT 

*  Includes  allowance  for  dielectric  absorption  error. 

**  Second  value  is  for  calibration  by  capacitor  discharge  method. 
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Explanation  and  Examples 

If  each  Initiator  test  were  preceded  by  a  calibration  without 
a  change  of  calorimeter  water  and  if  it  could  be  assumed  that  no 
water  were  lost  in  the  operation  of  replacing  the  calibrating 
resistor  with  the  initiator,  a  water  equivalent,  h  (nominally  284 
cal/C°)  and  the  initiator  energy,  Q,  would  not  depend  on  the  pre¬ 
cision  of  the  water  measurement.  For  a  series  of  cal  i brati on  runs 
the  water  need  not  be  disturbed  at  all,  in  which  case  a  calculated 
precision  predicts  a  repeatability  which  includes  the  precision  of 
the  temperature  and  energy  pulse  measurements. 

Another  calculation  of  precision  Is  needed  to  predict  the 
repeatability  of  the  calibration  among  groups  of  such  runs  using 
water  reweighed  between  each  group.  Reweighing  between  each 
initiator  test  is  recommended  and  this  possible  source  of  uncertainty 
must  be  evaluated  in  this  error  analysis. 

To  accomplish  this  it  is  necessary  to  separate  the  water 
equivalent,  h,  into  two  parts: 

1.  h. ,  =  me  due  to  the  water  -  250  ca!/Cc 

w 

2.  h'  due  to  the  bomb,  stirrer,  walls,  etc.  •>  about 
32  cal /C° 

It  will  be  noted  in  the  treatment  which  follows  that  this  results 
in  a  large  uncertainty  in  h'  but  this  uncertainty  does  not  reappear 
in  Q  because  it  is  diluted  by  the  precision  of  h.(.  The  treatment 
also  makes  it  clear  how  uncertainties  might  be  evaluated  in  the  case 
of  a  careful  technician  who  performed  the  calibration  followed  by 
a  careless  operator  who  performed  the  Initiator  tests.  If  the 
reader  wishes  to  do  such  an  evaluation,  he  may  use  a  low  uncertainty 
for  the  250  used  in  h'  and  a  high  uncertainty  in  the  250  used  in  Q 
in  the  following  examples. 


Example  for  Calibration  Data: 


h' 


.239  (210  ±  .4%) 
r.T’7 8  ±"TTJ 


250  ±  .2%  * 


(282  ±  1.1%)  -  (250  ±  0.2%) 


(282  ±  3.1)  -  (250  ±  .5) 


32  ±  3.2  =  32  ±  10%  Cal / C 0 


Example  for  Initiator  Test: 

Q  =  hAT  =  (h*  +  hw)  AT 

=  [(32  ±  3.2)  +  (250  ±  .5)]  [.178  ±  1%) 

=  (282  ±  3.3)  (.178  ±  1%) 

=  (282  ±  1.2%)  (.178  ±  1%)  =  50.2  ±  1.6% 


Note  in  the  calculation  for  Q  that  h  =  282  ±  3.3  has  a  slightly 
increased  uncertainty  over  the  value  in  the  h'  calculation  because 
another  water  sample  is  involved,  not  a  reuse  of  the  same  water  but 
the  10%  uncertainty  in  h'  is  diluted  to  1.2%  in  the  new  h  because 
of  the  large  mass  of  water  compared  to  the  non-water  items. 

Example  for  Alternate  Calibration  by  Capacitor: 

6  ■  7  C  (V*  -  Vp) 

=  \  (.084  ±  1%)  [(100  ±  .2%)2  -  (70  ±  2%)2] 

=  (.043  ±  1%)  [(10000  ±  .4%)  -  (4900  ±  4%)] 

=  (.043  ±  1%)  [(10000  ±  40)  -  (4900  ±  196)] 

■  (.043  ±  1%)  (5100  ±  204) 

=  (.043  ±  1%)  (5100  ±  4%)  =  214  ±  4.1%  joules 


A  precision  of  0.2%  is  used  for  the  100  volt  reading  which  is 
dependent  only  on  meter  accuracy  while  2%  is  used  for  the  70  volt 
reading  since  the  dielectric  absorption  produces  an  above  normal 
reading  unless  adequate  time  is  allowed  for  voltage  recovery  of  an 
electrolytic  capacitor  before  taking  the  final  reading.  A  careful 
technician  with  practice  could  reduce  this  uncertainty  considerably, 
possibly  to  0.4%. 


w 
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Conclusions 

The  largest  contribution  to  the  uncertainty  In  the  measurement 
of'  the  water  equivalent,  h,  Is  caused  by  the  uncertainty  of  the 
temperature  rise,  aT  (somewhat  less  than  IX). 

A  measurement  of  the  water  equivalent,  h,  should  be  repeatable 
to  1.1*  for  a  group  of  rurs  without  changing  the  water.  Several 
such  groups  should  be  repeatable  to  1.2*.  The  meeny.-tsd  heat 
generated  by  a  given  initiator  should  be  accurate  to  K6X. 

2 

The  preferred  ca’lbratlun  method  using  A!  t  for  \r.  ertergy  pulse 
should  bo  accurate  to  0-4*.  The  alternate  method  using  a  capacitor 
discharge  can  be  relied  upon  to  4*  or  less  depending  on  the  amount 
of  dielectric  absorption  exhibited  by  the  electrolytic  capacitors 
used  and  the  technician's  cart  In  correcting  for  It. 
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APPENDIX  c 
OPERATING  PROCEDURE 

This  procedure  utilizes  the  Parr  Instrument  Company  Model  1411 
Combustion  Calorimeter  with  slight  modifications  to  accommodate  the 
VMIRL  bomb  design.  It  is  specifically  intended  for  the  measurement 
of  small  quantities  of  heat,  typically  50  calories. 

The  inclusion  of  the  names  of  specific  equipment  manufacturers 
Is  Intended  to  convey  the  type  of  Instrumentation  needed  and  that 
used  by  VMIRL  in  preparing  this  report.  It  does  not  imply  that 
equivalent  equipment  by  other  manufacturers  could  not  be  used. 

It  is  recommended  that  tne  user  familiarize  himself  with  the 
"Instructions  for  the  No.  1411  Combustion  Calorimeter",  Parr 
Manual  No.  1?8,  for  the  general  operating  procedures  for  this  type 
calorimeter.  Items  used  by  VMIRL  have  been  designated  using  the 
letter  designation  found  in  the  above  manual. 

Equipment  List 

The  following  items  from  the  Model  1411  Parr  Combustion 
Calorimeter  were  used  without  modification,  not  used,  or  modified 
as  Indicated  below: 

I  tern 

A 
B 
C 
F 
G 
H 

J  thru  N  and 
D,  E,  and  ? 

0 


Description 

Calorimeter  Jacket 
Calorimeter  Cover 
Cover  Support  Stand 
Calorimeter  Can 
Vacuum  Flask 
Dumb  Support  Assembly 


Not  Modified 
Modi  fled 
Not  Modified 
Not  Modified 
Not  Modified 
Modi  fled 


Sti rrer  Dri ve  Bel t 


Not  Used 
Not  Modified 
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Modi f i cations 

Item  A  -  Calorimeter  Jacket.  This  part  was  not  modified, 
however,  the  terminals  and  cable  for  the  ignition  circuit  were  not 
used. 

Item  B  -  Calorimeter  Cover.  The  thermometer  support  rod  was 
not  used.  The  stirrer  drive  shaft  was  extended  4.7  cm  by  addition 
of  a  bakelite  shaft  extension.  This  was  necessary  to  place  the 
stirrer  in  the  reduced  volume  of  water  and  also  serves  to  reduce 
the  heat  losses  from  inside  the  calorimeter. 

Item  H  -  Bomb  Support  Assembly.  This  wire  support  was  not 
long  enough  to  support  the  new  bomb  in  the  reduced  volume  of  water. 

A  new  longer  bomb  support  was  constructed  so  that  the  bottom  of 
the  VMIRL  bomb  would  be  approximately  1  cm  from  the  bottom  of  the 
flask. 

Add  1 1 i ons 

The  following  items  were  added  by  VMIRL  specifically  for  this 
appl i cati on : 

Item  Q  -  Bomb  Assembly.  This  item,  made  of  stainless  steel 
(type  17-4),  consists  of  four  parts:  can,  cap  with  Teflon  gasket, 
nut,  and  transducer  fitting.  See  the  first  sheet  of  Appendix  B  for 
the  assembly  of  these  parts.  The  3/8"  threaded  hole  In  the  cap 
accepts  the  initiators  or  the  calibration  plug.  The  transducer 
fitting  also  has  a  3/8"  threaded  hole  for  the  pressure  transducer. 

Item  R  -  Model  280 1 A ,  Hewl att- Packard  Q uartz  Thermometer .  This 
equipment  is  accurate,  for  temperature  differences,  to  0.001  C°. 

It  has  a  digital  display  with  two  probes  and  two  channels.  If  a 
unit  with  only  one  channel  is  to  be  used,  an  additional  thermometer, 
reading  to  0.1  C°  will  be  needed  to  reed  the  room  temperature  and 
to  aid  in  adjusting  the  temperature  of  the  calorimeter  water 
initially. 

Item  S  -  Model  587  Mill  Kistler  Pressure  Transducer  Assembly . 
This  item  consists  of  transducer,  cable,  and  power  supply  for 

monitoring  the  pressure  simultaneously  with  the  heat  measurement. 

% 


Item  T  -  2-012.  N219-7  Parker  0-Rlnos  (two  reaulred).  These 
G-rlngs  ere  used  for  pressure  seels  for  the  Initiator  In  the  bomb 
cep  end  for  the  pressure  transducer  In  the  bomb  fitting. 

Item  U  -  Electric  Timer.  A  dlgUal  seconds  timer  Is  preferable, 
but  a  clock  with  a  sweep  second  can  be  used  so  that  readings  can 
be  taken  at  prescribed  Intervals  to  the  nearest  1/2  second. 

Item  V  -  Bench  Holder  for  Bomb.  See  the  drawing  of  this 
Item  In  Appendix  B. 

Item  W  -  500  ml  Beaker.  This  Item  Is  used  to  adjust  the  initial 
temperature  of  the  calorimeter  water. 

Item  X  -  2S0  ml  Volumetric  Pipette.  This  Item  Is  used  to 
measure  the  calorimeter  water.  Other  size  pipettes  may  be  used 
providing  ttv  t  the  water  can  be  measured  correct  to  250  ♦  0.1  ml. 

Item  V  -  Cover  Clamp  This  clamp  supports  the  thermometer  p-.'be 
at  the  correct  position  in  the  vacuum  flask  and  allows  for  passage 
o*  cables  to  the  pressure  transducer  and  the  Initiator  (or  call* 
bratlng  resistor).  Sea  drawing  In  Appendix  B. 

Item  AA  ■  Ad  .iustable  Wrenches  (3/4"  and  1-1/4"  capacity) .  These 
are  used  to  t1gh“in  and  loosen  the  bomb  nut,  the  Initiators,  and 
the  preatue  tra* s.iuc ar . 

U«ti  liBl*  This  is  used  as  a  pressure  seel  for 

tit  transducer  fitting  In  the  side  of  the  bomb  can, 


Additions  for  Cel  1 bration  Only 

•  ii  wnivim  H'nJtMDu  -Mr.a  — ’  »-  wilw.n  ■"■L.i 

Th®  following  items  are  used  In  the  calibration  of  the 
calorimeter .  for  convenience ,  several  of  thest  item*  may  be 
mounted  on  a  hoard  with  the  bench  holder,  pressure  transducer  power 
cuoply,  er.d  a  chassis  with  the  necessary  electrical  circuitry. 

LiJtfJX, :  SaVJ/X£±~MlJ1uA-  ™*  *hown  in  Appendix  0, 

screws  into  tho  top  o f  the  bomb  cap  and  has  attach ad  to  It  a  300 
ohm,  i,  watt,  hi  resistor.  P  Hlcrodot  Type  3;-§7  subminiature  f*ra<*1« 
f‘tt*ng  Is  screwed  Into  the  top  of  th?  calibration  plug  for  the 
elactr’cal  connect  ion. 
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Hi  m  P  P  ■  Cal  j  b  r  t  t  1  on  Circuit.  Wired  per  diagram  In  Appendix 
B,  this  item  consists  of  a  double  pole,  momentary  contact  twitch 
to  simultaneously  tnirglz*  the  calibrating  resistor  and  the  timer 
for  the  R!zt  method.  It  alto  contains  a  precision  10  ohm  raslitor 
adjusted  to  lass  than  0.1%  and  a  double  pole  doubin  throw  switch 
and  dummy  bomb  resistor. 

Item  EE  -  Electric  Timer.  (In  addition  to  Item  u )  A  digit* 
timer  having  a  resolution  of  0.1  sec  which  can  be  estimated  to 
0.03  sec. 

Item . f f  -  D1  gl tal  Voltmeter .  Simpson  Model  460  or  equlvaiv  .  - 

accuracy  of  0.1%  with  four  digit  display. 

Note:  Accuracy  of  0.1%  Is  desirable  for  the  voltage 

reading  across  the  10-00  ohm  resistor  calorimeter. 

No  particular  accuracy  Is  required  for  the  voltmeter 

used  In  calibrating  the  capacitor  (If  tMs  method 

Is  used)  so  long  as  It  Is  linear. 

Hem  GG  -  Wheatstone  Bridge.  Leeds  ant)  Northrup  Cat.  No. 

4760  or  equivalent  -  0.01%  accuracy,  readable  to  four  significant 
figures  for  measuring  the  resistance  of  the  calibration  plug 
rerlstor  in  th#  bomb,  the  Uads  to  this  resistor  and  the  resistor 
used  to  calibrate  the  capacitors  (If  this  method  Is  used). 

Item  HH  -  Power  Supply,  A  variable  40  volt  well  regulated 
supply  Is  needed  for  the  telU'atlon  circuit,  Item  00.  Ability  to 
maintain  a  constant  current  of  about  100  ma  to  within  0.1%  through 
300  onms  for  / 0  ssc  is  required, 

T*@  following  Items  are  needed.  In  addition  to  lorn#  of  the 
previous  items,  If  the  alternate  calibration  method  by  capacitor 
discharge  is  used. 

}M*LM JLJiMSJAai •  Tw0  $?*ague  *od«l  360  "Power lytl c" 
ccpoc ( tors  -  3b,O00  microfarad  at  100  V0C  -  or  equlvelent.  These 
are  used  to  ito»e  fhe  electrical  energy  w»*C  for  calibration. 

(See  circuit  diagram  In  Appendix  6.) 


ill 

Appendix  i,  this  1  tom  consists  of  two  nominally  36,000  mlerofired, 

100  voc  capacitors  (Irens  JJ)  wired  In  parallel,  •  nominal  1,600  ohm. 
H  precision  resistor  wife  associated  switches  end  terminals, 

Utm  lLr  Aftwfr  toMl*.  or.  Setter*.  A  100  volt  source  capable 
of  implying  2.5A  1  s  needed  for  the  calibration  circuit,  Item  KK, 
the  2.5A  rating  may  be  reduced  If  the  40  ohm  retlttor  in  the 
capacitor  charging  circuit  It  increased  proporti onattly . 

Step  1,  8e  certain  that  the  Interior  turfece*  of  the  bomo  are 
cleaned  of  any  material  remaining  from  prevlout  rune.  ntso  be 
certain  that  the  #60  drill  hole  In  the  pretture  traniducer  fitting 
Is  oped,  if  necesi ary,  remove  the  fitting,  clean  and  retighten 
with  two  layers  of  teflon  tape.  The  3/8"  opening  in  this  fitting 
must  be  up  and  aligned  with  the  exls  of  the  can  as  shown  In  the  bomb 
assembly  drawing  In  Appendix  8.  The  end  of  the  pipe  threads  should 
be  flush  wltn  the  Inside  of  the  can. 

Step  2.  p1ace  the  can  In  the  bench  hnlder. 

Step  3.  Place  the  cap  with  the  teflon  gasxot  cn  (he  c«n,  place 
the  nut  over  the  cap,  and  tighten  with  a  wrench, 

Step  4.  Screw  the  pressure  transducer  Into  the  fitting  using 
one  o*  the  0-r'ngs  as  a  snai.  Tighten  wUh  a  wrtnch, 

Step  5 .  Screw  an  Initiator  into  the  cap  using  an  0-rlng  us  a 
seal.  Tighten  v.  1th  a  wrench. 

tOPJXinjlJ  h  J.  SJ JjW I'PtUC.WfXtC 

Step  1 .  Turn  the  electro*, <«;  the* momete /  on  and  allow  It  to  warm 
up.  Fill  a  SGC  ml  beaker  more  then  half  way  with  distilled  water 
or  tap  water,  Adjust  the  temper-s  tun  of  the  wat nr  to  2.9  *  0 ./  C4 
ynattr  han  room  tempurstute.  To  no  this,  un  the  two  probes  of 
the  Hewlett-Packard  thermometer  wi  ;t*  one  ,n  the  room  and  the  other 
stirring  the  water.  if  an  electronic  thermometer  with  only  one  probe 
used,  then  a  mercury  in  glesc  thermometer,  correct  to  0.1  C*,  will 
be  needed  to  measure  the  room  temperature, 


IME.1-  Of  th#  water  adjusted  ;n  Step  1,  stator#  lie  *0.?  ml 
with  «  calibrated  velumttrtf  p i pc 1 1# . 

iiULl‘  •«  etftiift  that  th#  vacuum  fim  H  clean  and  dry  from 
previous  us«, 

*ebr  th*  «taftur«d  wattr  in?©  tht  vacuum  f^sk,  h# f np 
cartful  not  to  ft p 1 1 1  or  splash  on  tht  sidtt  ef  th«  flaaa. 


iltlL.i  ^lut  the  vacuum  flask,  with  water  maid#,  Into  tht 
calorlwtctr  can. 


UULl  M«et  calorimater  can  into  tht  ealorimtttr 
jacktt 

■  Conntct  tn©  tpproprMtt  c»Mm  to  tht  transducer  and 
tht  Initiator  which  art  mounted  on  th«  bomb.  b«  contain  that  the 
eablts  pat!?  through  th©  holt  In  th©  calorlmtttr  cover.  Turn  tht 
transducer  power  on 

iMUL#.*  p,*<e  tho  bomb  asstmbly  on  th#  *>odifi#d  wir©  bomb 
Support  issewbiy  a n H  lowtr  into  »n«  vacuum  flask  Tho  bom©  asttmbly 
should  b#  on  t n©  side  of  th#  vacuum  flask  away  ♦row  tht  calorl* 
mt:#r  covtr  pin  ho‘,«,  (This  ms*imi*t»  t*©  dlltanrs  bttwat"  tnt 
stlrrti  and  tht  tusptndtd  compontnts  )  Bt  cartiM  that  tht  wattr 
covtrs  th©  mttal  parts  of  tht  bomb  and  connectors. 

?Xtk  J,  ^lect  tht  probt  of  th©  thwrmomtttr  through  tht  holt 
in  th©  cal  on  matt r  covtr  and  adjust  so  that  th©  and  of  tn©  probt 
•s  1/  to  1?  I  cm  below  th©  bottom  of  th©  covtr,  This  is  don©  with 
thn  covtr  clamp  that  fits  in  th*  holt  and  supports  th#  thtrmomtttr 
probt 

V-ULJl1  CartfuMy  put  th#  ctlorimtttr  covtr  in  plact.  It  is 
nettssary  to  sat  thac  th©  probt  u  fr©#  in  th©  wettr,  that  th# 
slack  is  taken  out  of  \h©  transductr  and  initiator  cables,  and  that 
th©  iiirr*r  does  rot  touch  t.n©  clblts  or  bomb  isstmbly  Turn  tht 
stirrar  by  hand  to  bn  cfrtatn  it  is  not  touching 


uyutJL  iitfr#?  drive  in  0i*r.»  ifi^  *t#fi  im 

Adjust  U#  heU  sufficiently  to  reduce  bolt  vibration 

(overtightening  will  produce  unwtnted  Haiti  c*f  ffpm  the  stirrer 
bear  '.*§ ), 


t§*Ji$XklM  <*M  Nett  below  for  Shot#  following  thi*  procedure  for 
th*  first  time  ) 

it  will  be  necessary  to  tike  six  temperature  ■‘tiding*  to 
0,001  C®  «t  the  time*  (In  mlnytet)  Indicated  by  the  subscripts 
below; 

V  V  !*'  Tl<  *  Tl|*  tm» 

>.Vfi>,  J  •  Start  t**  uirrif  running  «nd  illew  It  to  rwn  for  it 
Itilt  10  and  prtftrt&ly  1$  •Mnuti*  ot for*  starting  the  t*»t.  Thi* 

•  »t«t>1 1  f ht»  th*  temperature  gradients  within  the  calorimeter  and 
improves  the  correction  to  thy  apparent  temperature  rise. 

kLUL.Z -  Start  thi  timer  and  read  the  tamperature,  This  1* 
tq*  bead  the  temperature  again  three  minute*  later,  Thi*  1§  r. 

Not©  the  difference,  1,.»  .  *  * 

3  0 

£LtP...i>  Mhan  the  timer  Indicate*  *1*  minutes,  read  Tfi  and 
note  the  difference,  Te-1j.  If  T^-Tj  differ*  from  T3*Tg  by 
0.001  C*  or  I***,  fire  the  Initiator  within  10  second*  of  T^. 

If  this  different#  1«  more  than  0,091,  reiet  the  timer  and  itart 
temperature  reading*  over. 

Continue  to  read  temperature*  it  12,  15  and  10  minutes, 
fhbia  are  T|g,  ^15'  ^10'  part  of  tne  total  tempera" 

tore  rise  should  be  over  by  ij>  minute*. 

(Thi*  ttep  and  the  associated  calculation*  may  have  to 
be  modified  following  subsequent  test*  by  NASA  on  actual 
Ini  tutor* . ) 

Note:  7o  famllUrlie  the  operator  on  the  fust  u»a  of  the  ln*Uument, 
the  temperature  of  the  water  and  atmosphere  •should  be  taken 
it  three  minute  Interval*  for  a  two  hour  period,  varying  the 
room  temperature,  the  itlrrer  belt  toniluri  and  turning  on  and 
off  th#  transducer  power,  appendix  fi  contain*  a  sample  of 
data  taken  by  the  Harry  Diamond  liberator  1 e» , 


IMJ.  The  a&p erens  temperature  rlfi  H  T^-T^.  Compute  thM, 

Hftgjt.  on  the  temperature  gradients  within  the  calorim¬ 

eter  or-  the  Mneerlty  of  the  heat  losses  or  gains  is  follow*: 

(a)  Tj-f0  should  h*  within  0.001  C*  c f  T6»Tr 

(b)  should  be  within  0.001  Cc  of  T^-T.^. 

In  some  cases  this  may  be  n  much  «s  0.002  C*. 

If p  3.  Chech  to  see  that  the  beet  losses  or  gains  ere  nearly 
equal  before  end  after  the  firing  by  computing  and  T^-T^, 

fheie  should  be  nearly  equal  but  In  no  case  differ  by  more  than 
0.004  C8. 

l.iilLA  •  TH  true  temperature  rise  Is  the  apparent  rise  minus 
T18*T12*  Notf  thls  corr^stion  can  be  positive  or  negative. 

llSJLi ■  The  tot#  1  heat  released  by  the  Initiator  Is  equal  to 
th#  water  equivalent  of  the  calorimeter  times  the  true  temperature 
rise . 
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OATA  SHS6T  fOR  OPERATING  PROCEDURE 
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yj^JjJLLoas 


T6 " f3  ' 


At  timi  Te§  U  <*  necessary  to  see  if  T^-Tj  ft  >ltMn  O.OOl  C*  of 

W  lf  <+*  ,4»  f,r*  within  10  seconds  of  Tg.  If  It  n  not,  r$ set 
timer  and  start  over, 
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T15'T1?  **’ou1<(  »•  O.OOl  C"  of  T,#-T,J  (ntvt-  mor.  than  0.002). 
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T18’T12  ,i,u8t  b0  wUh1n  0.004  C*  of  Tg-Tg 
Apparent  Temperature  Rise  ■  T.--T-  * 

I  C  P  — — — 

Subtract  Correction  •  T,n-T,„  «  - 

*  w  1 2  - 

True  Temperature  Rise  ■  at  « 


Heat  Released  -  True  Temperature  Rlse'x  Water  Equivalent 
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APPENDIX  0  -  CAPACITOR  HCASUAEHINT 

When  $  charged  capacit or  discharges  through  a  resistive  circuit 
the  voltage  across  th«  capacitor  versus  time  it  given  by: 


The  derivation  of  this  expression  can  he  found  in  mott  elementary 
physics  texts.  The  time  centum,  >,  if  Ac  end  it  the  reciprocal 
of  the  slope  o *  the  straight  line  which  rotulti  when  In  1/  it 
plotted  versus  t 

To  meesure  a  capacitance  requires  a  charging  circuit  and  a 
resistor  of  known  value  through  which  the  capacitor  may  he 
discharged. 
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A  small  resistance  r  <$  used  in  the  charging  circuit  to  prevent 

a  severe  transient  from  being  imposed  on  the  power  supply  or 

battery  when  the  charging  begins.  It  should  be  remembered  that 

the  charging  process  is  also  exponential  having  time  constant 

(rtrb)C  where  the  battery  resistance,  rb,  has  been  Included.  After 

five  time  constants,  the  charging  or  discharging  is  9 9 • 3 X  complete. 

This  Is  a  convenient  number  of  time  constants  to  keep  In  mind. 

< 

To  obtain  200  joules  of  stored  energy  requires  the  uu  of 
large  capacitances  or  high  voltages.  To  utilize  voltages  less  than 
100  volts  requires  somewhat  less  than  10®  microfarads.  Such  capavi* 
tances  are  only  available  in  electro  lytic*  which  exhibit  dielectric 
absorption  effects.  These  effects  produce  a  curve  of  in  V  vs  t 
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which  It  somewhat  non-Hnear  for  large  values  »f  t.  The  slope,  which 
i %  Inversely  proportional  to  the  capacitance,  decreases  steedily  as 
shown  In  fig.  12.  This  was  obtained  using  2000  ohms  and  the  discharge 
was  monitored  for  about  an  hour.  The  capacitance  computed  from  the 
slope  varies  from  an  initial  value  of  about  0.09F  to  a  final  value 
of  1 . IF. 

The  abova  effect  makes  It  Infeasible  to  utilize  energy  over  the 

entire  discharge.  The  effect  Is  small  and  negligible  at  the  higher 

voltages.  Hence  a  discharge  in  the  region  from  100  V  to  75  V  will 

2  2 

be  quite  linear  and  the  energy  can  be  computed  by  **(V^  *  Vj)/2 
although  this  Is  more  Inconvenient  since  the  initial  and  final 
voltagas  must  be  maasurad. 

A  plot  of  the  discharge  over  the  limited  region  Is  shown  in 
Fig.  13.  Calculation  of  the  time  constants  Is  shown  on  the  graph  In 
addition  to  the  value  of  C  calculated  from  them. 

The  precision  of  C  depends  on  three  factors. 

(1)  Accuracy  of  the  time  measurement. 

(2)  Precision  with  which  resistance,  R,  is  known 
(and  the  fact  that  It  is  net  sufficiently 
heated  In  the  discharge  to  alter  Its  value). 

(3)  Precision  with  which  the  technician  draws  the 
"beat  fitting"  curve  to  the  points. 

The  "time  constant"  for  the  discharge  is  RC  which  Is  typlcaily 
175  sec.,  a  sufficiently  long  Interval  that  an  electric,  timer  of  the 
60  hz  synchronous  motor  type  can  be  used  with  a  digital  voltmeter 
to  record  voltage  readings  every  15  or  20  sec.  Nationwide,  the 
accuracy  of  the  60  hz  frequency  is  about  0.03%  barring  easily 
datactable  transients  from  lightning,  surges,  etc.  Accuracy  in 
timing  Is  thus  limited  only  by  the  operator's  accuracy  In  reading 
the  voltmeter  at  the  proper  time  intervals. 

Voltmeter  accuracy  of  *.  1  digit  In  a  three  vr  four  digit  figure 
1 s  attainable.  Absolute  accuracy  is  not  necessary  hero  since  only 
ralatlve  voltage  readings  are  required  for  the  graph.  A  precision 
of  less  than  one  percent  is  attainable,  for  the  four  plots  in  Fig. 

13  the  average  ii  0  0142  F  with  a  standard  deviation  of  0-00067  or 
0.7%. 


A 
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ft  can  &•  measured  using  «  Wheetstone  bridge.  the  accuracy  of 
which  hat  been  varlflad  using  appropriate  standard  resistors. 

These  usually  have  an  accuracy  of  3. IS  o»"  better.  A  boa  bridge 
typically  has  four  resistance  dials  and  the  galvanometer  used  with 
It  should  be  of  sufficient  sensitivity  that  a  change  of  one  digit 
in  the  fourth  significant  figure  Is  detectable. 

In  drawing  the  best  fitting  curve  It  Is  most  Important  that 
all  the  points  have  been  plotted  correctly  and  that  they  span  a 
total  length  on  the  graph  paper  of  8  to  10  Inches.  If  the  plot 
significantly  departs  from  a  straight  line  by  exhibiting  definite 
curvature  as  opposed  to  scatter .the  data  should  be  discarded  and 
a  new  trial  taken.  For  a  single  calibration  a  quick  and  suitable 
test  of  the  probable  precision  Is  to  draw  three  straight  lines  and 
measure  the  slope  of  each.  The  middle  one  of  these  11n*s  Is  the 
"best  fit"  by  the  technician's  judgement.  The  other  two  lines 
would  lie  one  on  either  side  of  the  "best  fit"  and  would  represent 
th*  fit  selected  by  a  "reasonably  careless"  person.  The  percent 
precision  of  the  slope  thus  obtained  would  be  the  percent  pre¬ 
cision  of  C  assuming  the  resistance  and  the  time  had  percent 
precisions  which  were  quite  small  (less  than  MIX  for  these  purposes). 

For  convenience,  the  charge/discharge  circuit  for  capacitor 
calibration  Is  Included  with  that  for  tht  bomb  constant.  The 
circuit  is  shown  in  Appendix  B. 
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APPENDIX  E 

CALIBRATION  PROCEDURE  -  WATER  EQUIVALENT 

Two  alternative  electrical  calibration  methods  for  determining 
the  water  equivalent  have  been  tested.  Each  utilizes  energy  generated 
by  electrically  heating  a  300  ohm  -  5  watt  resistor  immersed  in  water 
Inside  the  bomb. 

In  one  method,  heating  is  accomplished  by  the  current  from  a 
voltage  regulated  power  supply  for  a  measured  time.  The  energy 

generated  is  the  product  of  the  resistance,  R,  the  current  squared, 

2  2 
I  ,  and  the  time,  t.  It  will  be  referred  to  as  the  RI  t  method. 

The  other  method  utilizes  the  discharge  of  a  capacitor  through 

o 

the  resistor.  The  energy  generated  is  C V  / 2  where  C  Is  the  capaci¬ 
tance  and  V  Is  the  voltage  to  which  the  capacitor  was  Initially 
charged.  A  procedure  for  measuring  C  is  given  In  Appendix  D. 

Circuit  diagrams  for  the  components  used  in  each  method  are 
given  In  Appendix  B. 

The  following  procedure  Is  for  determining  the  water  equivalent. 

A  complete  calibration  requires  about  2  1/2  hours. 

Preparing  the  Calorimeter  Water 

Steg  1 ■  Turn  on  the  electronic  thermometer  and  allow  It  to  warm 
up,  about  15  to  30  minutes.  Fill  a  500  ml  beaker  more  than  half  way 
with  distilled  water  or  tap  water.  Adjust  the  temperature  of  the 
water  to  1.8  +  0.2  C°  greater  than  room  temperature.  {See  footnote 
below)  To  do  this,  use  the  two  probes  of  the  Hewlett-Packard 
Thermometer  with  one  in  the  room  and  the  other  stirring  the  water. 

If  an  electronic  thermometer  with  only  one  probe  Is  used,  then  a 


Note:  For  a  test  run  as  described  In  the  Operating  Procedure 

2.8  +  0.2  C"  Is  used.  For  the  Calibration  Procedure  this  Is 
reduced  by  1  C6  to  allow  for  a  number  of  repeated  runs  with 
the  same  water  without  attaining  calorimeter  temperatures 
much  In  excess  of  room  temperature. 
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mercury  in  glass  thermometer,  correct  to  0.1  C°,  will  be  needed  to 
measure  the  room  temperature. 

Preparing  the  Bomb 

Step  1 .  Inspect  the  resistor  for  any  obvious  defects  in  the 
acrylic  coating  used  to  insulate  its  leads,  particularly  the  lead 
to  the  center  of  the  plug  (the  ungrounded  lead).  If  a  defect  is 
observed,  repair  the  cc.  ting  by  respraying. 

Step  2.  Be  certain  that  the  interior  surfaces  of  the  bomb 
are  cleaned  of  any  material  remaining  from  previous  runs.  Also 
be  certain  that  the  #50  drill  hole  in  the  pressure  transducer 
fitting  is  open.  If  necessary,  remove  the  fitting,  clean  and 
retighten  with  two  layers  of  teflon  tape.  The  3/8"  opening  in 
this  fitting  must  be  up  and  aligned  with  the  axis  of  the  can  as 
shown  in  the  bomb  assembly  drawing  in  Appendix  B.  The  end  of  the 
pipe  threads  should  be  flush  with  the  inside  of  the  can. 

Step  3.  Be  certain  that  the  vacuum  flask  is  clean  and  dry 
from  previous  use. 

Step  4.  Connect  the  calibration  plug  to  the  small  lead  wire 
and  measure  the  resistance  of  the  combination  on  a  Wheatstone 
bridge  whose  accuracy  has  been  verified  to  better  than  0.1%, 
preferably  0.01%.  Record  the  value  obtained. 

Step  5.  Disconnect  the  calibration  plug  and  replace  with  a 

Microdot  31-57  female  plug, .the  terminals  of  which  have  been 

shorted  together.  With  the  Wheatstone  fridge  measure  the  lead 

resistance  alone  and  record  the  value  obtained.  Subtract  this  from 

the  value  in  Step  4  to  obtain  the  corrected  resistance  for  use  In 
2 

the  R I  t  calculation. 

Step  6.  Place  the  can  In  the  bench  holder. 

Step  7.  From  the  water  adjusted  in  Step  1  of  the  previous 
section,  measure  250  ml  +  0.1  ml  with  a  calibrated  volumetric 
pipette . 

Step  8.  Pour  about  8  ml  of  water  from  the  pipette  into  the 
bomb  can.  Be  certain  that  some  water  enters  the  transducer  fitting. 


Ilf  JL  Jt ■  *#«#  th#  r#eeiftd#f  ©f  1ft#  2$®  m\  §f  pn$tr%4  watt# 

«n|©  th#  vacuum  flask  Ofl^d  direful  ft#«  U  spill  or  split*  #a  tb§ 

M!e*  ##  '.ft*  flask , 

‘  (•  *■•**-  H®  i^a  Pvlltlbn  ft  #{,#«'  tight  Ml*  ft# 

!.  (.t  f »  -  »  l  •*  *3  0  3  • « #  1 , 

l|«#. If.  tft«  cap  #*♦*  tft#  utiei  gasket  on  mt  (in, 

P>n#  ift#  «vt  *v#p  »ft#  c#P,  #nr  f’fhtift  with  a  wrench, 

S,t#^  U  Pin#  tft#  calibration  plug  Hi  tft#  cep  and  screw 
firmly  tut  flftfjvr  tight  (  .#Ak«a#  of  wrter  from  ift#  fink  lot©  th« 
bomb  will  not  wettir ) , 

& l-IS»U  .1  fUL JJUL '  Jl&'AfiU  U 

VJjtEL.i  ■  1ft#  .'ar.uy«  flask,  with  wit er  Inside,  Into  thi 

c*i&r  1.fl#tf *  con. 

&UML?.'  th#  calorimeter  can  Into  th*  ce1o*1mot«r  jacket. 

Connect  the  ippropriate  cables  to  the  transducer  and 
calibration  plug  whi^h  *rt  counted  on  the  bomb.  8#  c#rt#1n  that 
th#  cablet  pass  through  the  hoi#  in  th#  calorimeter  cover. 

UeJULJL-  Pl*c«  the  tomu  assembly  In  the  modified  wlr#  bomb 
support  assembly  and  lower  Into  t*;0  vacuum  flask.  The  bomb  assembly 
should  b«  on  t»<#  side  of  th#  vacuum  flask  away  from  the  calorimeter 
covar  pin  hoU.  (This  maxlmlies  the  dlttnncu  betwefi-'  the  stlirer 
end  '..  f#  suspended  components.)  be  certain  that  the  water  covers  the 
metal  parts  of  the  bomb  and  connectors. 

nicer,  the  probe  of  the  therr.iometnr  through  th#  hole 
In  the  calorimeter  cover  and  adjust  so  that  tha  #nd  of  the  probe 
is  17  to  17.5  rm  helow  the  bottom  cf  to#  cover.  This  Is  done  with 
th#  cover  clsmp  that  fits  in  thu  hole  and  supports  the  thermometer 
probe. 

|  ttjp  .Jl  ■  Carefully  put  tho  calorimeter  covar  In  plac#.  It  is 
necessary  to  set  tha*  the  probe  Is  fra#  (n  th#  water,  that  th#  slack 
is  taken  out  of  th*  transducer  and  resistor  cablet,  and  that  th# 
stirrer  does  nut  touch  the  tahlss  or  bomb  assembly,  Turn  th# 
stWer  by  hind  to  b#  certain  it  is  not  touching, 


L J  *  connections  end  electronic  supplies. 

( a )  Connect  the  transducer  land  (mini#  tut# 
46mU»  cable  -iih  ih/eyjld  connector) 
to  Itl  power  Supply  and  Turn  the  newer  OH, 

(bl  Connect  t A#  CiMbratiOft  Attlltor  l«ld 
(miniature  601**1 1  cable  with  PUSH 
connector)  Into  itl  female  retefTede  Oft 
the  slot  of  tftt  breadboard  chillis. 

{Circuit  diagram  in  Append**  8.) 

(c)  Plug  th«  it ft th  itcond  dloital  timer  Into 
itl  receptacle  on  tht  calibrating  circuit 
chassis  and  turn  tht  tl^tr  twitch  ON 
(tht  one  on  tht  timer  Itself). 

(d)  Conntct  tht  coftitan t  voltage  tupply  to 
tht  calibration  chains,  turn  tht  supply 
ON  and  sat  tht  voltage  at  about  3b  V, 

{«)  Connect  tht  digital  voltmtttr  to  tht  black/ 
ore tn  termlnels  on  tht  calibration  chassis. 
*0t  the  voltmeter  to  read  e  nominal  1  V 
and  turn  tn#  powtr  ON. 


Sttp  2.  On  the  calibration  chassis,  sat  the  doublt  polt 
doublt  throw  switch  to  the  dummy  rtslstor  position  and  dost  tht 
momtntary  contact  switch.  Varlfy  that  cht  seconds  tlmtr  cuts  on 
and  off  properly  when  the  momentary  contact  switch  Is  depressed. 
With  this  switch  ON,  adjust  the  power  supply  voltage  so  the  volt* 
meter  reeds  very  close  to  1  V  (this  makes  the  dummy  resistor 
current  0.1  A) . 

Step  3.  Reset  the  timer  to  zero  and  switch  the  double  pole 
double  throw  switch  to  the  bomb  resistor  position. 


The  Calibration  Run 

Unlike  the  Initiator  tests,  it  Is  not  necessary  to  change  the 
calorimeter  water  between  runs.  Therefore  one  run  may  be  begun 
Immediately  following  the  preceding  one.  A  waiting  period  of  about 
15  minutes  after  beginning  the  stirring  Is  required  to  stabilize 
the  temperature  conditions.  After  that,  the  Initial  run  requires 
18  ml nutes  as  follows:  6  min  constant  temperature  rise,  $  min 
energy  pulse  detection,  and  6  min  new  constant  temperature  rise. 


lufe?  M*»M  r^s-i  *?$«*  **<!•  ft#*1  I*  4#«  *  «»#*■'  *  It  !»**»  itM# 

|H«  )  #H  #  «»«  pfMfsd  o#  ffcn  preceding  f  a«  eiti  .>«  -.-.sM  h  the  ffrtt 
§  «Mft  period  f#  |M  R*»l  ryft 

II  xlil  bf  ts*  tit  %  %  $  r  y  |p  Ink*  teatpe  r§  |  yi*#  read  fftfl*  *<»  y  .001  *C 
It  tH#  |<#.p|  ( 1  n  t #* <1 1  cited  fey  »M  twfeiCflHl  fedlfewi 

V  T|*  V  Tlt‘  T1§*  TM*  Tfd*  Tt7*  T)0*  Ts§*  fte* 

$  ttP  1  ■  Thf  *  C  <  r  r  *  r  ,  which  Mil  Itlfted  ili’Hfer,  Should  fe« 
el  lowed  to  run  it  least  10  minutes  following  the  time  the  trim* 
dueer  powir  was  turned  ON.  ThU  establlshct  reitontbly  uniform 
condl Horn . 

SttP  2.  Stirt  tr.e  timer  and  reed  the  timpereture,  Thil  li  Tg, 
Hold  the  temperitu»e  again  three  minutes  liter.  This  is  T , .  Not! 
the  difference,  T3*T0- 

SttP  3-  Whin  the  tlmir  indlcitis  six  minutes,  rud  Tg  and  noti 
the  difference  Tg-Tg.  !f  T6*T3  differs  f-om  T-j-Tq  by  0.001  Cu  or 
less,  dipress  the  momentary  contact  switch  on  the  calibration 
chassis  to  begin  the  heating  pulse  to  the  bomb  within  10  second? 
of  Tg.  If  the  difference  is  more  than  0.001  C6,  reset  the  timer 
and  start  temperature  readings  over. 

Step  4.  Read  and  record  the  Coital  voltmeter  reading  as  often 

MKMUHtCw  MilW  W  W 

as  convenient  but  at,  lea1  t  once  every  15  or  20  seconds*  more 
frequently  if  It  changes  more  than  0.001  V. 

Step  5.  After  67  >:o  70  seconds  energy  pulse  duration,  release 
the  momentary  contact  .witch  and  record  the  indicated  time  t.o  the 
nearest  0.03  sec.  RESET  the  timer  to  zero.  To  reset  timers  using 
electrical  reset,  throw  the  double  pole  double  throw  switch  to  the 
dummy  resistor  position. 

Sten  6.  Continue  to  read  temperatures  at  12,  15,  and  18  minutes. 
These  are  T^,  Tjg,  and  T18>  The  largest  part  of  the  total  tempera¬ 
ture  rise  should  be  over  by  12  minutes. 


«??«  fOMf  tiMtidrit,  tmi  ni * f  it f r  t%  not  mcmiiT  m  tnc 
M0<|ftt*Af  £fs»tif  tNUf  $  *|  \t  J?  wf  H  OMffTfft 

?h»|  i  |  fyrt  ft  H  I*  «©*»  t©«pl#t«,  f  h»  H|*|  ryft  «§y  bH 

Marled  («»NUI»I/  ImI  cental©  ihseM  ®n  tn#  pr#?v1©vt  d*ta  §rt 
e#vi§«t»'i©  t#  Vfrffy  I  ft#  t  !».©  file  H  remaining  £©ntUHt 

il  f§H#wt: 

T,|  ftMuld  b#  »*IM©  0,001  C*  ©f  T^T^.  I n 
lens#  cases  Chn  may  l>#  «§  much  e§  0,002  C*.  Check 
iq  *,©«  the*  the  hint  1©cs#»  ©r  g©lnt  *r«  nearly 
©duel  before  end  eftdr  firing  by  computing  T^-T^ 
and  T^* Tq ,  This#  ihould  bi  neerly  equal  but  in  no 
cast  differ  by  more  than  0,004  C*. 


StfP  7.  At  18  minutes,  depress  th«  momentary  -.ontact  switch 
to  begin  a  second  neat  puls©  to  the  bomb. 

Step  8.  Record  the  olgltal  voltmeter  reading  at  least  every 
15  to  20  seconds. 

Step  9.  After  67  to  70  seconds,  release  the  momentary  contact 
switch  and  record  the  time  to  the  nsarest  0.03  sec.  PcSET  the 
timer  to  zero.  , 

Step  1C.  Continue  to  read  temperatures  at  24,  27,  and  30 
minutes.  These  are  T07,  and  T^q.  The  largest  part  of  the 

total  temperature  rise  should  be  over  by  12  minutes. 

Step  11.  Continue  sequence  for  successive  runs  until  12  runs 
have  been  completed, 

Step  12,  Use  the  Wheatstone  bridge  to  remeasure  the  resistance. 
If  it  has  changed  as  much  as  2  ohms  from  its  earlier  value,  the 
acrylic  coating  has  probably  deteriorated  and  the  data  should  be 
dl scarded . 


n 


r«i,  far  the  <tcpnd  run 
Ihi*  H*«  for  each  run, 


The  apparent  temperature  Hie  Is  f  j - Tg 


It  H  t 


M*Tt« 


th*n  "*  3ft " ^ jo • 


for*  the  first 
etc.  Compute 


step  Check  on  fh#  temporeture  gradient*  within  the  calorimeter 
or  the  lineerlty  of  the  heet  losses  or  gains  as  follows: 

T u * T g  should  be  wlth.n  0.001  CA  of  - T 3 .  Also  Tl8-Tjg  should 
be  within  0.00)  C*  of  T^g-T^-  The  seme  comparison  should  be  made 

between  ^20‘^27  4ncl  *27'T24*  atc’  Som®  these  differences  may  be 
as  much  as  0.002  C*' ,  but  If  any  are  more  than  this*  the  preceding 
run  must  be  discarded  from  further  calculations. 


Step  3.  Check  to  see  that  the  heat  losses  or  gains  are  nearly 


equal  before  and  after  a  run. 


Compare  T^-T^  w1th  T6_T0  ard 


^ 30 ” T2 4  ri8"T12'  et<:‘  These  should  be  nearly  equal  but  In  no 
case  differ  by  more  than  0.0C4  C°.  If  the  difference  is  more  than 
0.00*  C°,  discard  the  run  1  r.  question. 


Step  4.  The  true  temperature  rise  Is  the  apparent  rise  minus 
the  correction.  For  the  first  run  the  correction  is  tt8"T12’  ^or 
the  second  run  the  correction  is  T^q-T^,  for  the  third  It  Is 
T42‘T36*  etc.  Compute  all  of  the  true  temperature  rises  for  runs 
chat  passed  the  earlier  tests. 

Step  5.  Average  the  digital  voltmeter  readings  for  each  run. 
Divide  the  average  voltage  In  volts  by  10.00  to  obtain  the  average 
current  In  amperes.  Note  that  these  values  should  not  differ  greatly 
if  the  power  supply  was  functioning  properly. 

Step  6.  Compute  the  heat  released  in  calories  for  each  pulse 

2 

by  the  formula  0,239  RI  t.  R  is  the  resistance  in  ohms  of  the 
calibrating  resistor,  corrected  for  the  resistance  of  the  lead:,; 

I  Is  the  average  current  in  amperes  from  Step  5;  and  t  Is  toe  time 
of  the  pulse  in  seconds  measured  to  ^0.03  seconds.  The  factor 
0.239  cal/J  is  a  factor  to  change  joules  to  calories. 


Step  7.  Compute  the  water  equivalent,  h,  in  calories  per  C° 
for  each  run  by  dividing  the  heat  released  *or  each  pulse  in  calories 
by  the  true  temperature  rise  In  C° 
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Statistical  Treatment  of  Data 

Step  1 ■  Average  the  above  12  values  of  h  and  determine  the 
deviation,  d^ ,  of  each  Individual  reading  from  the  average. 

Step  2.  Square  each  deviation  and  average  the  squares.  This 
number  Is  c  and  is  called  the  variance. 

Step  3.  Take  the  square  root  of  the  variance  to  obtain  o, 
the  standard  deviation. 

Step  4.  If  o  is  greater  than  1%  of  the  mean  value  of  h  the 
data  shows  excessive  scatter  and  the  calibration  should  probably 
be  repeated. 

Step  5.  Had  a  very  large  number  {several  hundred)  runs  been 
made  the  expected  standard  deviation  of  the  mean,  am,  for  this 
large  group  is  given  by  om  =  c/ \Tn”  where  N  is  the  number  of  runs 
in  the  group. 

Note:  Because  the  above  runs  were  all  done  without  a  change 
of  calorimeter  water,  the  above  a  does  not  contain  an 
allowance  for  inaccuracies  in  measuring  the  water.  When 
groups  of  runs  are  done  using  a  change  of  water,  the  standard 
deviations  for  each  group  may  be  averaged  to  obtain  a  o 
which  does  allow  for  this  latter  inaccuracy. 

References : 

Young,  Hugh  D.:  Statistical  Treatment  of  Experimental 
Data.  McGraw-Hill  Book  Co.,  Inc.,  1962. 

Bevington,  Philip  R. :  Data  Reduction  and  Error  Analysis 
for  the  Physical  Science.  McGraw-Hill  Book  Co., 

Inc . ,  1969. 
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CHANGES  IN  PROCEDURE  FOR  ALTERNATE  CALIBRATION  METHOD  -  CAPACITOR 
DISCHARGE 

2 

The  following  procedure  is  based  on  that  for  the  RJ  t  method. 
Only  the  al  tered  steps  in  that  method  are  detailed  below.  A 
different  calibrating  circuit  chassis  is  used.  See  circuit  diagram 
in  Appendix  B. 

Preparing  the  Circuitry 

Step  1  . 

(c)  Omit 

'd)  Connect  the  constant  voltage  supply  (or  battery 
capable  of  supplying  100  volts  at  about  2  A)  to 
the  calibration  chassis  and  set  the  voltage  at 
about  100  V. 

,j)  Connect  the  digital  voltmeter  to  the  "Read 
Resistance"  terminals.  Set  the  voltmeter  to 
read  a  nominal  100  V  and  turn  the  power  ON. 

S ter  _2.  On  the  calibration  chassis,  set  one  of  the  DPDT  switches 
to  "Off"  a,  d  the  other  to  "Chg". 

Step  3.  Omi t 
The  Calibration  Run 

Step  3.  No  change  except  replace  do.pn.ziii,  thz  momzntantj  contact 
iwltch  by  thnow  thz  VPVT  switch  f^nom  'Chg'  to  'Viichg',  nzad  thz 
voZtmztzn,  and  nzcond  ai>  V.  Thnoui  thz  othzn  VPVT  iuittch  finom  'OFF' 
to  'Bomb'  on  thz  calibnation  .... 

Step  4.  Omit 

Step  5.  When  the  voltmeter  reads  about  70  V,  throw  the  DPDT 
switch  from  "Bomb"  to  "OFF",  Note  and  record  the  voltmeter  reading 
as  a  tentative  value,  V p * . 

Step  5A  (new).  About  10  or  15  minutes  later  again  record  the 
voltmeter  reading  as  the  final  value,  Vp.  This  will  be  a  volt  or 
two  higher  than  V p '  above  due  to  the  dielectric  absorption  effect. 


The  Calculations 

Step  6,  Replace  the  0.239  RI Z t  by  0.239  (U2 - t/p) 

Note:  The  time  delay  in  Step  5A  makes  this  calibration 
method  longer  since  the  capacitor  must  be  allowed  to 
recharge  following  the  wait  and  reading  of  Step  5A. 
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APPENDIX  F 

HEAT  TRANSFERS  -  Temperature 
Dependent  and  Non-Temperature  Dependent 

Theory 

In  Sec.  5  it  was  Indicated  that  small  quantities  of  heat  could 
produce  noticeable  effects  In  the  measurement  of  the  nominal  50 
calories  from  the  Initiator.  Such  imall  transfers  were  attributed 
to  two  broad  classes;  temperature  dependent  and  non- temperature 
dependent. 

Temperature  Let  44-  =  D  ( T p- T ) 

Dependent  az 


Non-Temperature  Let  45.  =  n 
Dependent 


Transfer  tc  45  =  h  45- 

Water  and  Bomb  v 

where  dQ/dt  =  Time  rate  of  heat  transfer  into  the  calorimeter 
system 

dT/dt  =  Time  rate  of  increase  of  calorimeter  water 
temperature 

D  =  The  constant  related  to  all  temperature 
dependent  terms 

N  =  The  constant  related  to  all  non- temperature 
dependent  terms 

h  =  Water  equivalent  of  bomb,  water,  and  calorimeter 

TR  =  Ambient  temperature  (Room)  of  calorimeter 
surroundings 

T  *  Calorimeter  water  temperature 
Tq  =  Initial  calorimeter  water  temperature 

Combining  terms, 

*  n  ■  $  ■  D  <VT>  *  N 


0) 


TM  !##&<•  pi*  6  jf«  dip#r?d4ftt  ,iri,  0  # 

" 1w«, .ng"  o f  terms  flul  to  conduction,  e©nvitU©n  and  radiation, 

•  U  Of  vhlth  may  bo  fip resentdd  by  i  rbrtSUnt  timet  •  temperature 
difference  bciwoan  the  syitem  and  » tt  *ur roundi ng§ . 

The  non- temperature  dependent  term,  N,  represent!  a  "lumping 
of  terms  due  to  viscous  friction  from  stirring  the  water,  bearing 
friction  (which  changes  with  oelt  tension  and  Increases  at  lower 
temperatures  due  to  stiffening  of  the  lubricant),  and  transducer 
power.  All  of  these  represent  heat  "generated"  from  electrical 
or  mechanical  energy  at  a  rate  not  depending  on  the  temperature 
(except  for  the  effect  due  to  cold  lubricant). 

Evaluation  of  Heat  Transfer  Terms 

Eq.  (1)  is  based  on  an  assumption  chat  the  heat  transfer  paths 
and  thermal  gradients  have  been  established  for  a  sufficient  time 
that  a  negligible  amount  of  the  dQ/dt  term  is  being  utilized  to 
produce  the  gradient  or  to  heat  the  insulating  portions  of  the 
calorimeter.  This  near  equilibrium  condition  is  called  quasi¬ 
equilibrium  or  quasi-steady  state.  For  this  system  experimental 
evidence  indicates  this  condition  obtains  after  15  to  25  minutes 
while  true  equilibrium  is  not  reached  for  15  to  25  hours. 

Data  was  obtained  during  quasi-steady  state  conditions  for 
temperature  vs  time  over  a  wide  range  of  temperature  differences, 
Tr-T.  If  the  slope,  dT/dt>  was  constant  for  about  five  minutes 
or  more  and  if  the  water  had  been  well  stirred  for  15  to  25  minutes, 
it  was  evident  that  quasi-steady  conditions  existed.  See  typical 
curves  in  Fig,  11  of  Sec.  6.2  for  these  constant  slope  regions. 

A  plot  of  dT/dt  vs  Tr-T  was  needed  to  experimentally  verify 
Eq.  (1).  Data  was  not  taken  specifically  for  this  plot  shown  in 
Fig.  14.  Instead,  data  from  numerous  other  tests  was  used,  much 
of  it  being  for  preliminary  calibration  runs  and  therefore  clustered 
near  room  temperature  Well  over  one  hundred  data  points  are  shown 
covering  circumstances  such  as: 


(a)  Transducer  power  ON  and  OFF 

(b)  Belt  tension  low,  moderate  and  high 
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(c)  Ambient  t#mptriturts  form  -20®C  to  +30#C 

(0)  Rapid  changes  of  room  ( #mb lent)  temperature  due  to 
heaters,  radiator!  and  air  conditioners 

(*)  Addition  of  direct  conducting  paths  such  as  thermometer 
probes,  stirrer  shaft,  and  cables 

Hg.  14  should  be  straight  line  H  Eq.  (1)  is  true.  The  slope  of 
this  Mne  Is  0,  the  temperature  dependent  constant,  and  the  "y 
intercept"  Is  N,  the  non-temperature  dependent  constant. 

D  should  depend  primarily  on  the  calorimeter  construction  and 
should  be  almost  constant  for  all  tests  shown.  On  the  other  hand, 

N  should  vary  primarily  according  to  belt  tension  although  some 
tests  were  done  without  the  transducer,  which  also  has  an  effect. 
Changes  of  D  will  be  seen  as  a  change  of  slope  while  an  Increase  of 
N  will  move  the  curve  of  Fig.  14  to  the  left  but  remaining  parallel 
to  the  line  shown. 

All  the  data  was  shown  even  though  there  were  differing  condi¬ 
tions  in  some  tests  in  order  to  show  the  general  agreement  with 
Eq.  (1).  The  line  selected  was  a  best  estimate  for  moderate  belt 
tension  with  transducer  power  on. 

The  points  on  Fig.  14  denoted  by  an  X  were  obtained  from  a 
test  in  a  freezer  with  large  temperature  differences.  To  secure 
values  of  dT/dt,  a  plot  of  T  vs  t  was  drawn  and  the  slopes  from 
this  plot  were  measured.  The  pairs  of  data  points  are  due  to  the 
slope  remaining  constant  for  periods  of  20  to  60  minutes  while  the 
temperature  difference  was  two  substantially  different  values  at 
the  ends  of  the  Interval. 

The  equation  of  the  experimentally  obtained  line  in  Fig.  14  is 

^  ~  1.86  (Tr-T)  <■  4.4  using  units  of  Fig.  14 
=  0.00186  (Tr-T)  +  0.0044  deg/min 

&  =  e<-  <’> 
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Solving  for  D  and  N  u s f r g  h  *  284  cal/C0 

0  -  284  x  0.00186  =  0.53  -t-tt 

C  rrn  n 

N  «  284  x  0.0044  =  1.25  cal/min 

These  values  are  probably  accurate  to  +  20%  depending  on  the  judg¬ 
ment  used  in  selecting  the  best  fitting  line  in  Fig.  14. 

Equilibrium  Temperature 

It  is  desirable  that  determinations  of  these  small  quantities 
of  heat  be  done  near  dT/dt  =  0  to  balance,  as  nearly  as  possible, 
the  heat  gains  and  losses.  Eq .  (1)  predicts  the  equilibrium 
temperature  difference  as 

0  =  D  ( TR-T )  +  N 

Tr-T  =  -  N/D 

T-Tr  =  N/D  =  0.0044/0.00186  =  2.4  C° 

This  is  also  indicated  graphically  in  Fig.  14  by  the  X-axis  intercept. 
Transducer  Power 

A  communication  from  the  transducer  manufacturer  indicates  the 
rate  of  energy  generation  is 

P  =  VI  =  11  x  0.004  =  0.044  j/sec 

=  0.0105  cal/sec  =  0.631  cal/min 

Stirrer  and  Bearing  Friction  Power 

Subtracting  P  above  from  N  above  gives: 

N-P  =  1.25  -  0.63  =  0.62  cal/min 

It  would  therefore  appear  that  about  equal  amounts  of  electrical 
power  (from  the  transducer)  and  mechanical  power  (from  frictional 
and  viscous  effects)  are  converted  to  heat. 


Calorimeter  Thermal  Time  Constant 


Integration  of  Eq.  (!)  yields: 


T 


dT 

D(Tp-T)+N 


dt 

h 


o 


In 


D(TR-T)  +  N 

uiW71 


Dt 

h 


D  (TR-T)  +  N  =  [D  (Tr-Tq)  +  N]  e"Dt/h 


(2) 


This  is  an  exponential  as  is  common  for  many  systems  approaching 
equilibrium.  If  N/D  <<  (TR-T)  then  Eq.  (2)  reduces  to 


j  _y  =  ( t  _y  )  e- Dt/ h 
'R  1  R  o'  e 

or  AT  =  AT  e"Dt/h 

max 

indicating  that  a  temperature  difference  plotted  on  a  1 ogari tnmi c 
scale  versus  time  should  be  linear,  having  a  time  constant  T  =  h / D . 

N/D  =  Equilibrium  Temperature  =  2.4  C° 
h/D  =  1/000186  =  538  min  =  9.0  hr 

The  above  calculations  are  verified  by  Fig.  15  which  is  a 
plot  of  the  logarithm  of  (TR-T)/ (TR-T  )  vs  time.  Thedata  was 
taken  by  placing  the  calorimeter  inside  a  freezer  maintained  near 
-17°C.  The  calorimeter  water  was  initially  at  24°C  so  the  condi¬ 
tion  n/D  <<  TR-T  is  reasonably  fulfilled  (2.4  <<  41).  Initially, 
points  did  not  fall  on  the  line  until  quasi-steady  state  was 
reached.  As  the  calorimeter  temperature  dropped,  the  final  points 
did  not  fall  on  the  line  probably  because  at  these  temperatures 
(7°C)  the  approximation  was  poorer  (2.4  <<  24).  The  break  in  the 
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intermediate  points  was  caused  by  a  temporary  failure  of  the  freezer 
thermostat  resulting  in  a  change  of  ambient  from  -17°C  to  -20°C  over 
a  40  minute  period  after  which  the  -17°C  ambient  to as  restored. 

The  slopes  on  either  side  of  this  break  are  equal  and  have  a 
value  of  0.00196  min"^  yielding  a  time  constant  of  510  min  or  8.5 
hrs  which  agrees  well  with  the  previous  value  of  h/D  of  9.0  hrs. 
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Appendix  G 

Calibration  of  Bomb  Calorimeter  at  Harry  Diamond  Laboratories 


Data  taken  during  calibration  of  the  bomb  calorimeter  at  the  H'  ry  Diamond 
Laboratories  is  shown  below.  Table  1  shows  data  for  14  runs  without  changing  water. 
Table  2  shows  data  for  3  runs  in  which  the  water  was  changed  each  time. 

During  each  run,  the  room  temperature  varied  by  about  0.2  to  0.5°C.  The  max¬ 
imum  measured  room  temperature  was  24.333°C,  and  the  minimum  was  23.747 °C  during 
the  14  run  sequence.  The  water  temperature  was  therefore  4°  to  6°C  above  room 
temperature  instead  of  the  1.8°C  value  recommended  by  VMIRL,  but  this  did  not 
appear  to  affect  the  accuracy  of  the  experiment,  although  the  higher  temperature 
did  cause  large  negative  slopes  in  the  time -temperature  curves.  For  the  three 
runs  in  which  the  water  was  changed,  the  water  temperature  was  about  2°C  above 
room  temperature,  as  shown  in  Table  2. 

The  14  run  sequence  had  12  usable  calibrations  which  produced  a  water  equiv¬ 
alent  of  284.3  cal/C°  with  a  °  of  2.27>cal/C°  or  0.80$.  When  this  value  is  used 
with  the  data  for  the  3  runs  in  which  the  water  was  changed,  a  total  of  4  runs 
were  made  with  different  water  samples,  and  the  water  equivalent  for  the  four  runs 
is  284.75  cal/C°  with  a  a  of  2.05  or  0.72$.  The  data  obtained  was  therefore  in 
good  agreement  with  the  capabilities  of  the  calorimeter  as  reported  by  VMIRL. 


Table  1 

Water  Equivalent  of  Precision  Calorimeter  Measured 
Without  Removing  Water 
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